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ABSTRACT 
THE SEDIMENTOLOGICAL AND GEOMORPHOLOGICAL RESPONSE OF A 
GLACIALLY CONDITIONED WATERSHED TO EVENT INDUCED FLOODING: 
INSIGHTS FROM THE CONNECTICUT RIVER AND HURRICANE IRENE 
SEPTEMBER 2013 
LAURA NICOLE KRATZ, B.A., FRANKLIN & MARSHALL COLLEGE 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Jonathan D. Woodruff 
 Tropical Storm Irene’s most extreme rainfall resulted in record-breaking sediment 
loads from upland tributaries to the Connecticut River. However, was the event 
exceptional with respect to resultant deposition downstream? Off-river waterbodies to the 
Lower Connecticut River, such as cut-off meanders and blocked valley lakes, are a 
particularly important floodplain environment, which have been shown to serve as a focal 
point for the trapping of sediment and associated contaminants. This study evaluates the 
relative role of extreme events like Tropical Storm Irene in infilling these off-river 
environments. To meet this objective we compare the magnitude and composition of 
resultant sedimentation from Irene to that observed following the 2011 and 2013 spring 
freshets. Tropical Storm Irene deposits were identified as compositionally distinct, grey 
layers that were relatively inorganic compared to sediments deposited by the annual 
spring freshet. Sediment within the Irene deposit was enriched in elemental potassium 
and depleted in zircon, a finding consistent with being enriched by glacigenic lacustrine 
and till sediments. Decreased mercury levels in the Irene deposits suggest that this event 
served to cap highly contaminated, industrial era sediment with a layer of relatively 
clean, fine-grained silt and clay. Resampling of these waterbodies in Fall 2012 revealed 
preservation of the 2-3 cm thick Irene deposit as well as 3-4 cm of more recent sediments 
deposited on top of this event. Sediment contributions from rare events, like Tropical 
Storm Irene, were found to be less influential than the annual spring freshet in the long-
term infilling of waterbodies along the Lower Connecticut River. However, sediments 
vi 
from Irene are compositionally unique and serve to highlight the importance of this event 
in removing glacially derived fines from the river’s upland catchments. 
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CHAPTER 1 
INTRODUCTION 
 Tropical cyclones provide the dominant mechanism for extreme precipitation for 
most major North American rivers draining into the western North Atlantic (Barlow, 
2011). Primary rivers within this region include the Susquehanna, Delaware, Hudson and 
Connecticut Rivers (Fig. 1). These systems contribute sediment, organics, and 
contaminants to some of the most productive estuaries and active ports and harbors in 
North America, including Chesapeake Bay, Delaware Bay, New York Harbor, and Long 
Island Sound. However, because extreme precipitation events are infrequent in these 
Atlantic draining catchments, few direct observations exist to quantify their effectiveness 
in mobilizing sediments.  
In the more mountainous coastal regions of the Western North Pacific Ocean, 
where tropical cyclones are more common, the societal and geological impacts of tropical 
storms and their remnants are far-reaching and well documented (Hilton, 2008; Kao and 
Liu, 1997; Herbeck et al., 2011; Milliman and Kao, 2005), especially in Taiwan where an 
average of 3-4 cyclones impact the region annually (Wu and Kuo, 1999). Here torrential 
rains associated with tropical cyclones are one of the main triggers for surface erosion, 
slope failures, and landslides (e.g. Kao and Milliman, 2008), particularly in the years 
following earthquake activity (Dadson et al., 2004; Galewsky et al., 2006). Regardless of 
making landfall, cyclonic systems have the potential to impact large coastal regions with 
sustained high winds and excessive rainfall (Wu and Kuo, 1999). Studies undertaken in 
the western Pacific concluded that the common responses to cyclone-induced extreme 
precipitation are high yields of sediment and nutrient runoff (Hilton, 2008; Kao and Liu, 
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1997). Further, sediment loads continue to be anomalously high within river systems of 
the Western North Pacific for years following initial flooding from a tropical cyclone, 
with vegetative disruption, the destabilization of hillslopes, and the oversteepening of 
channel banks all serving to increase longer-term erosion rates during landscape recovery 
(Larsen et al., 1999; Milliman and Kao, 2005).  
 The North Atlantic basin, although not nearly as cyclonically active as the 
northern Pacific basin, produces an average of 18.5 annual cyclones (called tropical 
storms and hurricanes when cyclogenesis occurs in the Atlantic) (Landsea and Delgado, 
2013). These unique storm events frequently track towards the United States’ Gulf Coast 
region or travel northward along the east coast of the United States under the influence of 
the Westerlies (Zielinski and Keim, 2003).  Similar to the impacts of Pacific cyclones, 
these events inundate broad regions with excessive precipitation and high winds. In the 
Northeastern United States, hurricanes comprise ~65% of extreme precipitation events, 
defined as daily accumulations of 4 inches (~10 cm) or greater, and are the sole cause of 
extreme precipitation at 147 weather stations in the Northeast (Barlow, 2011).   
 In the northeastern United States, the causes of flooding are primarily due to 
tropical storms, extratropical storms (i.e. Nor’easters) and the annual spring snow melt 
(i.e. spring freshet). Hurricane impacts on the northeastern United States have the ability 
to deliver extreme precipitation and trigger widespread coastal and inland flooding 
(Zielinksi and Keim, 2003). Within the uplands of the western Atlantic Slope sporadic 
extreme precipitation from tropical cyclones has been observed to result in flash-flooding 
and severe landscape disturbance in the form of mass wasting events and gully erosion 
(Jahns, 1947; Patton, 1988; Wolman and Eiler, 1958). Recent trends in climatology 
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research forecast an increase in the frequency of extreme precipitation by North Atlantic 
hurricanes (Knudson, 2010; Barlow, 2011), further prompting the need to examine the 
impacts of these intense rainfall events on Northeastern watersheds.  
 It also remains unclear whether deposition from extreme precipitation events 
results in a preserved and unique sedimentary signature downstream towards the river 
mouth. Efforts to delineate resultant sedimentation from extreme flood events, both 
hurricane-induced and otherwise, have been limited primarily to identifying deposits 
within subaerial floodplain environments (e.g. Costa, 1974; Gomez et al., 1995; 
Magilligan et al., 1998; Sambrook Smith et al., 2010), assessing preservation potential 
(Williams, 2011; Williams and Flanagan, 2009) and determining how flood magnitudes 
influence deposit thickness (Carling and Bevan, 1989; Miller, 1990; Gomez et al., 1995; 
Magilligan et al., 1998). Within these floodplain settings little correlation has been 
observed between the magnitude of flooding and resultant overbank sedimentation. 
However, these studies have been primarily focused to subaerial environments which are 
not an ideal setting for deposit preservation due to post-depositional disruption by 
vegetation growth, wind, seasonal freezing and thawing, human activities, etc. In 
contrast, mechanisms of disturbance are largely absent from floodplain lakes and coves. 
Sediments collected from these backwater environments therefore have the potential to 
contain some of the most well-preserved sediments of all floodplain environments, 
although an analysis of recent floodplain deposits is still required to assess the viability of 
these settings as a long-term archive of past flood events. 
 Hurricane Irene was a damaging Atlantic cyclone that impacted much of the 
Caribbean and the eastern United States’ coast in late August 2011. Although 
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downgraded to a tropical storm prior to traveling through the Northeast, the remnants of 
this 805 km (500 mile) wide cyclone inundated the region with up to or greater than 250 
mm of precipitation in less than 12 hrs (Community Collaborative Rain, Hail & Snow 
Network, 2011). Heavy rains coupled with high antecedent soil moisture triggered 
record-breaking floods in small tributaries and moderate flooding along main channels of 
the Connecticut River (Avila and Cangialosi, 2011; Mabee and Kopera, 2011). 
Landscape disturbances (i.e. landslides, gully erosion and toe-of-slope channel incision) 
were pervasive in the Connecticut River watershed’s upland tributaries (Mabee and 
Kopera, 2011). Vast reservoirs of eroded sediment were rapidly exported from the small, 
upland tributaries. This sediment was transported downstream to the mouth of the estuary 
at Long Island Sound creating anomalously large sediment loads during the river’s three 
days of peak flooding (Fig. 2). Although the magnitude of flooding in the lower 
Connecticut River watershed was more moderate, the storm-induced flooding was 
significant as a 1 in 7 year event (Kratz et al., 2013). 
 Irene, the first hurricane to make landfall on the United States’ east coast since 
2008 (“Irene”, 2011), provides a two-fold opportunity that is the focus of this thesis: first 
for comparing the relative role of a high-magnitude, low-frequency event such as Irene 
and low-magnitude, high-frequency events like the annual spring freshet on infilling off-
river waterbodies; and second to test whether resultant deposition from such a rare event 
can be delineated within the sedimentary records of backwater environments based on its 
distinct sedimentary characteristics.  
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Connecticut River 
 The Connecticut River is a representative of many lowland rivers draining the 
eastern United States. These lowland river systems are characterized by extended tidal 
reaches (~100 km), slowly denuding landscapes (Meade, 1982; Milliman and 
Farnsworth, 2011), and off-river waterbodies connected to the main river by tie-channels 
(Woodruff et al., 2013). Work by Woodruff et al. (2013) focuses on the important role of  
off-river lakes and coves (formed by drowned glacial depressions, cut-off river meanders, 
blocked river valleys, etc.) in trapping sediment. In many lowland fluvial systems, 
including the lower Connecticut River, natural or manmade tie-channels divert water and 
sediment from the main river into adjacent quiet-water environments (Rowland et al., 
2009) (Fig. 3). These tie-channels directly influence the sedimentation and 
geomorphology of the waterbodies (Rowland et al., 2009; Dunne et al., 1998; Day et al., 
2008) by providing a direct path to re-route sediment. Under normal conditions, semi-
diurnal tidal cycles drive flow into and out of the waterbodies. Here, fine-grained 
sediment rapidly settles out during flood tide with sufficient accommodation space for 
elevated rates of sediment accumulation relative to the neighboring subaerial floodplain 
(Woodruff et al., 2013). This tidal pumping mechanism has allowed floodplain 
waterbodies along the Connecticut River to possess some of the highest levels of heavy 
metal contamination within the entire Connecticut River/Long Island Sound system, with 
concentrations nearly an order of magnitude greater than sediments collected from 
neighboring subaerial floodplain settings. Understanding how these off-river waterbodies 
infill is therefore of significance not only because of their important roles in recreation, 
ecology, geochemistry and aesthetics, but also because of their high capacity for the 
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trapping and storage of fine-grained sediments and associated contaminants (Woodruff et 
al., 2013). 
The Connecticut River is the longest river in the Northeastern United States. Its 
watershed drains 29,008 km2 of previously glaciated landscape extending 650 km (403 
miles) from the headwaters in southern Canada to the estuary’s mouth in Long Island 
Sound (Gordon, 1979). Mean annual discharge is 465 m3/s. Periods of elevated discharge 
occur each spring during snow melting (i.e. the spring freshet), as well as episodically 
due to seasonal convective storms (i.e. thunderstorms), extratropical events (i.e. 
Nor’easters) and tropical cyclones and their remnants (Magilligan and Graber, 1996; 
Zielinski and Keim, 2003). During the spring freshet peak, discharges commonly exceed 
2500 m3/s, providing an important means by which accumulated detritus is flushed from 
the landscape (Horne and Patton, 1989). Similar to other lowland rivers in this region, the 
Connecticut River experiences semi-diurnal tides. These tides propagate northward from 
Long Island Sound nearly 100 km to Enfield, CT. The mean tidal range is 1.1 m and tides 
drive flow in and out of numerous off-river waterbodies (eg. cut-off meanders, backwater 
ponds and blocked valley coves) that are connected to the main channel by small tie-
channels (Woodruff et al., 2013) (Fig. 3).  Along the main channel of the Connecticut 
River, the bed is predominantly sand with limited amounts of fine-grained material 
(Patton and Horne, 1992). Long-term sedimentation records from off-river waterbodies 
show a sudden lithology change and enhancement of fine-grained sediment trapping 
coincident with the creation or modification of tie channels at the turn of the 19th to 20th 
centuries (Woodruff et al., 2013). Cores taken from these waterbodies support relatively 
steady rates of annual deposition, rather than more episodic deposition by extreme events. 
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From this evidence, Woodruff et al. (2013) postulated that tidal processes were likely 
responsible for the majority of sediment trapping within these backwater environments, 
with a majority of suspended material bypassing these floodplain settings during extreme 
discharge when tides are lost along most of the river’s typical tidal reach.  However, the 
Woodruff et al., (2013) study lacked observations from a modern extreme event to test 
this working hypothesis. 
Despite the modern temperate climate, the modern surficial geology of the 
Northeastern United States is still largely a product of previous glaciations (e.g. Gordon, 
1979). During the last Wisconsin glaciation the southern margin of the Laurentide ice 
sheet extended to Long Island Sound. As melt water flowed away from the receding ice 
sheet numerous freshwater lakes were created (Fig. 4A). The largest of these lakes was 
Glacial Lake Hitchcock. The lake existed nearly 4,000 years and at its greatest extent 
occupied 1640 km2. Thick sequences of seasonal clay (winter) and silt (summer) varves 
occupy the valleys where these glacial lakes existed (e.g. Ridge et al., 2012; Ridge and 
Larsen, 1990) (Fig. 4B). The Connecticut River’s modern course occupies part of this 
former lake bottom as well as draining upland regions mantled by glacial tills, kames and 
other glacigenic drift deposits. 	  
Tropical Storm Irene 
 Tropical Storm Irene was a damaging storm that produced significant economic, 
societal and geologic destruction. Irene passed over New England on August 28-29, 2011 
after slowly progressing up the eastern coast of the United States (Avila and Cangialosi, 
2011) (Fig. 5).  As the weakened tropical storm moved northward through the 
Connecticut River watershed, torrential precipitation combined with high antecedent soil 
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moisture (90th percentile), triggered flash flooding, landslides, debris avalanches and toe-
of-slope undercutting in smaller northern tributaries (Mabee and Kopera, 2011) (Fig. 6). 
Flooding was most severe in eastward facing, upland portions of the watershed where 
orographically enhanced precipitation was most intense (>250 mm) and saturated soil 
from an unusually wet August resulted in rapid flooding of narrow river valleys. 
 Extreme precipitation in the upland Deerfield tributary resulted in a discharge at 
the Deerfield gaging station of 3100 m3/s (USGS gage #01170000, Fig. 7C). Resultant 
flooding from Tropical Storm Irene was the flood of record on this tributary (gage station 
at Deerfield in operation since 1940). In all, roughly 1.6x108 m3 of water was discharged 
through the Deerfield during the 3 days of peak flooding, indicating that ~112 mm of 
Irene’s rainfall was converted directly to runoff, a yield of between 45% and 62%. The 
force of the floodwater was great enough to remove the cobble and boulder alluvium that 
had previously armored the riverbed (Fig. 6). Once removed, the river was provided 
access to large reservoirs of glacial till and fine-grained glaciolacustrine sediment 
underlying the bed. Mass wasting of glacial drift deposits mantling the steep valley walls 
through toe of slope undercutting, landslides, and gully erosion provided additional 
access to glacial fines, which once eroded, were rapidly exported downstream (Mabee 
and Kopera, 2011).  
 Along the main-stem of the lower Connecticut River the magnitude of the 
flooding was not as extreme as in upland tributaries like the Deerfield. Discharge just 
above the Connecticut River’s tidal extent at Thompsonville, CT (USGS gage 
#01184000) was 3625 m3/s and ranks as a 1-in-7 year event (Fig. 8). Despite modest 
flooding in the lower Connecticut watershed, the suspended sediment concentration was 
9 
unprecedented. Depth-integrated suspended sediment concentrations reached a maximum 
of 1760 mg/L at the Thompsonville gage station, which is an order of magnitude greater 
than previously observed. The estimated peak daily sediment load for the Irene event was 
500,000 tonnes/day with a cumulative load of roughly 1.2 Mtonnes for the three days of 
peak discharge. This sediment load is 5 times greater than predictions from the existing 
rating curve (Fig. 2), and 5 times the average yearly yield as estimated by Milliman and 
Farnsworth (2011).  
Spring Freshets  
 The three spring freshets from 2011 to 2013 range greatly in their magnitude (Fig. 
8). The average peak annual discharge at Thompsonville is estimated as 1274 m3/s.  The 
peak 2011 spring freshet discharge was well above this average at 2550 m3/s, but just 
below the 2-year flood recurrence interval. The 2012 spring freshet was well below 
average annual peak flow at 1130 m3/s, with the largest event of the year occurring in late 
April with a peak discharge of 1360 m3/s. The 2013 spring freshet also produced a 
slightly lower than average peak discharge of 1622 m3/s.  
Site Description  
 Four tidal off-river waterbodies spanning a 70 km transect of the lower 
Connecticut River were the target of this study (Fig. 9). Beginning closest to the mouth of 
the river and traveling upriver these sites are Hamburg Cove, Chapman Pond, Pecausett 
Pond and Keeney Cove. Woodruff et al. (2013) quantified the amount of sediment 
deposited in Hamburg Cove, Chapman Pond, and Pecausett Pond during the 2011 spring 
freshet. Deposition rates for these tidally influenced floodplain waterbodies are an order 
of magnitude greater than adjacent wetlands and allow the opportunity for fine resolution 
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sampling. Results show that sedimentation from the 2011 spring freshet resulted in the 
deposition of a few centimeters within the study sites. Deposition rates also increase 
towards the estuarine mouth and were on order with the average annual long-term rates of 
sedimentation of the 50-100 years. Here I expand on Woodruff et al.’s (2013) initial work 
by providing a comparison for the magnitude and characteristics of sedimentation for 
Irene and a post-Irene freshet relative to initial cores collected following the spring 
freshet of 2011. A brief description of each of the four study sites is provided below. 
Hamburg Cove 
 Hamburg Cove (HMB) (41.37496°N, 72.36191°W) (Fig. 9C) is the seaward most 
study site located 13 km from the estuary’s mouth. The cove occupies a drowned glacial 
valley and encompasses 0.420 km2 with an average depth of 4 m to 5 m. Eightmile River, 
a small tributary with an annual discharge of 2.4 m3/s drains into the cove from the east. 
Semidiurnal tides with an average range of 1 m drive tidal flow in and out of the cove 
through a 30 m wide by 3 m deep channel at the cove’s entrance that separates the cove’s 
interior from the main-stem of the Connecticut River (Woodruff et al., 2013). Historical 
evidence indicates that the channel was dredged prior to 1909 AD to maintain the 
required draw for extensive ship passage (Shuler et al., 1993), but few modifications to 
the main cove have taken place since, leaving the interior undisturbed (Woodruff et al., 
2013). The average sedimentation rate over the last 50-100 years at HMB as determined 
by 210Pb and 137Cs is 4.2 cm/yr (Woodruff et al., 2013). 
Chapman Pond 
 Chapman Pond (CMP) (Fig. 9D) is located 10 km up estuary from Hamburg Cove 
(41.43929°N, 72.44584° W). This 0.24 km2 tidal pond is situated on the eastern 
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floodplain and separated from the main river by a ~150 m wide forested natural overbank 
levee. A man-made tie-channel breaches this levee, called “The Great Ditch”, and was 
created and/or deepened between the 1850s and 1890s in an effort to improve fishing 
access to the pond (Maloney et al., 2001). The remnants of cut trees and limbs along the 
tie-channel banks are evidence for continual channel maintenance to allow boat access to 
the pond.  A secondary, natural tidal creek at the pond’s southern terminus also connects 
CMP to the main river. The pond’s orientation parallel to the main river’s present course 
suggests that it may occupy a relict cut-off from a time when the Connecticut River 
tracked east of present day. The mean tidal range at this site is 0.8 m (NOAA, 2012) and 
the pond’s maximum depth is 4 m. Long-term sedimentation rates at this site are 3.1 
cm/yr (Woodruff et al., 2013). Three small streams drain into the pond but contribute 
relatively little surface run-off (cumulative watershed of less than 2 km2). 
Pecausett Pond 
 Pecausett Pond (PCT) (Fig. 9E) (41.56898°N, 72.6171°W) is a 0.09 km2 tidal 
pond located 43 km from the mouth of the Connecticut River. Similar to HMB, evidence 
suggests that this pond formed as an expression of the Connecticut River valley’s glacial 
past (Bissell, 1925). The 3-4 m deep pond closely aligns with the northeast-southwest 
oriented paleo-river valley, suggesting that it could be an abandoned meander-bend or 
along a paleo-channel when the river potentially tracked east of the border fault 
(Woodruff et al., 2013). Semi-diurnal tides with an average range of 0.7 m (NOAA, 
2012) flow in and out of the pond through a ~30 m wide, 1 m deep tie-channel.  This 
channel is the sole inlet into the pond and appears to have been relatively unmodified 
since 1859 CE (Walling, 1856). Similar to CMP, cut trees and stumps within the channel 
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indicate routine channel maintenance.  Modern evidence of mechanically felled trees and 
cut stumps emplaced within the channel suggest that access to the pond is routinely 
maintained.  210Pb and 137Cs measurements yield an average sedimentation rate of 2.1 
cm/yr over the last century (Woodruff et al., 2013). 
Keeney Cove 
 The landward-most site investigated in this study, Keeney Cove (KC) (Fig. 9F) 
(41.72601°N, 72.63239°W), is a 0.29 km2 oblong cove located 68 km from the mouth of 
the Connecticut River and 25 km upstream of Pecausett Pond. This cove is a cut-off 
meander that formed during flooding in 1692 (Barber, 1838). Here, the average tidal 
range is 0.6m (NOAA, 2012) and tides flow in and out of the cove through one tidal 
channel at the southern end. Two bridges bisect the cove (Point Road and Route 3) and 
water exchanges between the segmented cove through culverts below these two roads.  
The average depth of Keeney Cove is 2 m and the average sedimentation rate is ~2 cm/ 
yr (Fallon et al., 2013). Two small ungaged brooks (Pewterpot Brook and Porter Brook) 
draining ~14 km2 discharge into Keeney Cove’s larger, northern segment.  
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CHAPTER 2 
METHODS 
	  Field Studies 
 Gravity cores were taken at each site’s depocenter with a Uwitec coring system to 
identify sediment deposited by Tropical Storm Irene and to quantify seasonal deposition, 
with depocenters identified with ground penetrating radar and sub-bottom sonar surveys 
performed prior to sampling. Repeat cores were collected at the same locations between 
spring 2011 and spring 2013 in order to group deposition into the following intervals: 
2011 spring freshet, Tropical Storm Irene, 1 year following Irene and the 2013 spring 
freshet (Appendix A). The spring freshet of 2012 is not described here since its discharge 
was the weakest of the three 2011-2013 freshets and the most difficult to target within 
our sampling program (Fig. 8). Instead I provide a description for deposition over the full 
year following Irene in order to assess lasting impacts due to the flood event. All cores 
were extruded in the field at depth increments of 0.5 cm or 1 cm to a depth of 10 cm. 
Following collection samples were driven directly to the University of Massachusetts and 
stored under 4 °C refrigeration. 
Lab Methods 
 Once back in the lab, field extruded sediment samples were immediately 
measured for gravimetric porosity and loss-on-ignition (LOI) following methods detailed 
by Dean (1974). For this analysis samples were oven dried for 24 h at 80 °C. Particulate 
organic mass was determined by weighing dry samples and then reweighing combusted 
samples subjected to burning at 550 °C for 2 h. Grain-sizes were measured using a 
Coulter LS 200 laser particle size analyzer following organic removal using 6% H202 at 
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~60 °C prior to analysis. Statistical grain size data was computed using the Fraunhofer 
optical model with D90 results presented (defined as the grain size of which 90% of the 
sample was finer than). 
 Mercury (Hg) measurements were collected by a Teledyne Leeman Labs Hydra-C 
mercury analyzer at Amherst College. The Hydra-C is a direct combustion analyzer with 
cold vapor atomic absorption configuration (CVAAS). National Institute of Standards 
and Technology (NIST) sediment standard 2702 (inorganics in marine sediment) was 
used for calibration. Based on this standard, precision was within 2% and accuracy was 
+/- 8%. 
  Cox Analytical Systems ITRAX XRF core scans at the University of 
Massachusetts Amherst provided non-destructive, high-resolution geochemical proxy 
data for extruded sediments. A U-channel was separated into individual 1.5 cm long,   
~1 cm thick trays using high-density foam. For XRF analyses each tray was filled with 
an individual dried sub-sample and irradiated using a Molybdenum X-ray tube run at 30 
volts and 55 amps and an exposure time of 10 seconds per measurement. Geochemical 
data for potassium (K) and zirconium (Zr) were obtained from resulting XRF spectra 
using the method described in Croudace et al. (2006). XRF scans were run at 200 µm 
resolution for a total of roughly 150 measurements per sample and with average counts 
presented.  
  Berylium-7, (7Be) is a short-lived cosmogenic radionuclide that has been useful in 
determining recent deposition (Olsen et al., 1986, Walling and Fang, 2003, Woodruff et 
al., 2013). 7Be has a half-life of 53.3 days and is detectible to about three half-lives or 
roughly six months (Walling and Fang, 2003). For 7Be analyses oven dried sediments 
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were gently disaggregated and placed in plastic containers. Samples were analyzed on a 
Canberra gamma counter for ~ 48 h to detect the presence of 7Be in the sediment.    
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CHAPTER 3 
RESULTS 
Identifying the Irene flood event deposit 
 Cores collected following Tropical Storm Irene exhibited an anomalous grey 
deposit (Fig. 10). This deposit was not visibly present in cores acquired two days prior to 
Irene at HMB and was also absent from cores collected following the 2011 spring freshet 
at HMB, CMP and PCT. The base of this layer coincides with the onset of detectible 7Be, 
also consistent with recent deposition (Fig. 11 and Table 1). These lines of evidence 
provide reasonable confidence in attributing the anomalously grey layer in post-Irene 
cores to the flood event.  
 The thickness of the Irene deposit in the depocenter of all four sites ranged 
between 2-3 cm. Hamburg Cove displayed the greatest accumulation and Keeney Cove 
and Pecausett Pond the least. Keeney Cove and Pecausett Pond both received 2 cm of 
sediment from the event. Chapman Pond received 2.5 cm of new sediment and 3 cm of 
sediment was deposited in Hamburg Cove (Fig. 12). 
  The Irene deposits are compositionally distinct from underlying sediment and are 
characterized by low amounts of organic material, finer grain sizes, lower porosity, lower 
concentrations of heavy metal contaminants, and greater elemental potassium to 
zirconium (K/Zr) ratios (Fig. 11). Keeney Cove’s Irene layer exhibited the greatest 
change in organic content. Irene sediment had 5% LOI. In comparison, sediments 
underlying the Irene layer had an average of 17% LOI, greater than three times more 
organic material than sediment deposited by Irene.  Porosity follows similar trends as the 
organic content, with decreases occurring within the Irene deposit at each of the four 
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sites. At each site the Irene layer was also finer grained than underlying material. The D90 
grain size for Irene sediment ranged from 17-49 µm (medium-coarse silt) to 30-66 µm 
(coarse silt-very fine sand) for pre-Irene sediment. Hg concentrations within the Irene 
sediment were 45% -75% less than previously deposited sediment within the upper 10 
cm. PCT Irene sediment exhibited the greatest reduction in Hg concentration with levels 
decreasing from 210 ppb in sediment directly underlying the Irene deposit to just 53 ppb 
within the deposit.  
Glacial Imprinting in Irene Deposits 
 Geochemically, the sediments within the Irene event deposit were distinct from 
sediments deposited prior to Irene flooding. A consistent signature for the Irene layer was 
the enrichment in potassium (K), and a relative deficiency in zirconium (Zr). K is a major 
constituent in the illite and muscovite clays and orthoclase silt grains found in 
glaciolacustrine and till deposits upstream (e.g. Quigley, 1980). In contrast, Zr is 
associated primarily with the erosion-resistant mineral zircon, which tends to become 
concentrated in highly weathered sediments (e.g. Koinig et al., 2003). K/Zr ratios for 
sediments collected following the 2011 spring freshet are on average 50% lower than 
Irene sediments (Fig. 13). Analyses of freshly exposed varved glacial sediments collected 
from the upper watershed confirm enrichment in K relative to Zr, with some ratios of 
K/Zr within the Irene deposit reaching levels equaling those measured within upland 
glaciolacustrine deposits (Fig. 13). The ratio of K/Zr therefore appears to serve as a 
convenient proxy for glacial enrichment.   
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Heavy Metals 
 Hg concentrations were measured to assess tropical storm Irene’s potential impact 
on heavy metal redistribution. Hg concentrations in Irene sediments were consistently 
45% - 75% lower than sediments directly underlying the deposit (Fig 11). PCT Irene 
sediment exhibited the greatest reduction in Hg concentration with levels decreasing from 
210 ppb in sediment directly under the Irene deposit to just 53 ppb within the deposit. 
Deeper sediment cores obtained from the study’s off-river waterbodies revealed Hg 
concentrations that consistently exceed 500 ppb (Fig. 11). In comparison, Hg 
concentrations for sediments deposited by Irene are over a magnitude lower than these 
peak concentrations (50-120 ppb compared to 1300-3600 ppb). 
 Post-Irene monitoring shows Hg concentrations steadily increasing following the 
event. As of May 2013, surficial sediments (1 cm) contain 72% - 90% of pre-Irene Hg 
concentrations. Despite Hg levels rising within recently deposited sediment, these 
modern values are still considerably lower than historical Hg contamination levels 
measured a few meters below the current water/sediment interface (Woodruff et al., 
2013).  
Constraining Seasonal Deposition following Tropical Storm Irene 
 The Irene event layer was identified in subsequent seasonal cores by the same 
unique characteristics that initially characterized it in cores collected directly following 
the event (e.g. LOI profiles presented in Fig. 14). Revisiting the field sites seasonally 
allowed a comparison between sediments deposited by Irene and sediment deposited by 
pre and post-Irene flood events including the 2011 and 2013 spring freshets. Both 2011 
and 2013 spring freshets were distinguishable events in the discharge record (Fig. 8), but 
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the 2012 spring freshet was considerably weaker and therefore was not included in this 
study as a separate flood event. As an alternative, I present the cumulative deposition for 
one year following Irene in order to assess how annual rates of deposition following the 
Irene event compare to the long-term sedimentation rates at each site. 
 The Irene deposit could be visually identified in all but one core obtained during 
post-Irene surveys (Fig. 15). The deposit continued to exhibit anomalously low porosity, 
low organics and low Hg relative to sediments underlying and overlying the deposit 
(Figs. 16-19, Appendix B). Visual identification of the Irene deposit in these cores, 
combined with the distinguishable sedimentary characteristics allowed us to seasonally 
measure the depth to the Irene deposit and in turn quantify recent deposition. Further, the 
percent LOI within Irene sediments did not change significantly through time (Fig. 15-
19), indicating minimal post-depositional disruption and mixing by processes such as 
bioturbation, erosion by bottom currents, etc.  
 In the year following tropical storm Irene all of the studied waterbodies trapped 
between 3 to 4 cm of sediment (Fig. 12). Keeney Cove and Chapman Pond both trapped 
4 cm, Hamburg Cove 3.5 cm and Pecausett Pond 3 cm. The presence of the Irene layer at 
Chapman Pond following the spring freshet of 2013 allows us to report deposition over 9 
months (late August – early May) including the 2013 spring freshet, but with the lack of a 
layer just prior to the 2013 spring freshet preventing an assessment for deposition from 
this specific flood event. Deposition at Chapman Pond over these 9 months was 1.5 cm. 
The Irene layer was identified in sediment collected just before and following the 2013 
spring freshet for the Hamburg Cove, Pecausett Pond and Keeney Cove sites, allowing an 
assessment for the magnitude of deposition at each of these sites from the spring flood 
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event. Sediment deposited during the 2013 spring freshet for these sites ranged from 1 cm 
to 2.5 cm, with Keeney Cove trapping 2 cm, Pecausett Pond trapping 1 cm and Hamburg 
Cove trapping 2.5 cm of sediment in their depocenters (Fig. 12). 
Post-Irene Sedimentary Response   
 Sediments deposited in the Irene event layer appear to contain a distinct elemental 
fingerprint (elevated K/Zr ratio) marking the rapid introduction of glacial fines from 
upland sources during the event (e.g. Fig. 13). The geochemical signature of sediment 
deposited following tropical storm Irene was monitored to assess any differences in 
sediments deposited post-Irene compared to material deposited prior to the event. The 
elemental potassium to zirconium ratio from Keeney Cove’s Irene deposit was compared 
to the ratio present in sediment deposited one year following Irene and during the 2013 
spring freshet (Fig. 20). The K/Zr ratio for the Irene deposit was 5.55. This is greater than 
twice the elemental ratio detected in the 5 cm of sediment directly underlying the Irene 
deposit at ~2.5. The K/Zr ratios for both intervals following Irene are elevated above pre-
Irene levels at 3.48 and 3.30 for the one year of sedimentation following Irene and the 
2013 spring freshet, respectively. Sediment geochemistry therefore supports the 
continued enrichment of post-Irene sedimentation with glacial fines following the event 
to the present. 
 In addition to monitoring the geochemical characteristics following Irene, organic 
content was also examined. Sediment underlying the Irene deposit within Keeney Cove 
was found to have an average of 17% organics by mass. Organic content in the Irene 
deposit was roughly three times less at 5%. The average organic content in sediment 
deposited 1 year following Irene and during the 2013 spring freshet increased to 11% and 
21 
10% respectively, with both remaining well below pre-Irene levels (Fig. 21). Findings 
therefore support an increase in the trapping of clastic material following the Irene event.  
 Further, empirical evidence in support of increased clastic material being trapped 
following the Tropical Storm Irene flood event is shown by comparing the clastic mass to 
the total mass of each deposit (Table 2). Comparisons of clastic mass (Fig. 22) and 
deposit thickness (Fig. 12) show similar trends (e.g. increases in the year following Irene) 
suggesting that increasing deposit thickness after Irene is due to quantitatively more 
sediment, rather than changes in porosity.   
Suspended Sediment vs. Discharge Response 
 Comparisons of pre- and post-Irene coring indicate an increase in the trapping of 
clastic material within the study’s floodplain waterbodies following the Irene event, 
caused potentially by elevated sediment loads within the main channel of the Connecticut 
River following the event. Sediment loads exported by larger low-lying rivers often 
represent recycled sediments initially exported from upland watersheds by more extreme 
events, and later remobilized from ephemeral depocenters downstream (e.g. Meade, 
1982; Woodruff et al., 2001). These temporary traps for sediment in turn provide an 
important source of sediments transported by more moderate seasonal floods, with 
extreme events serving as a key mechanism for supplying new sediments to the river.  
Instrumental observations from the main-stem of the lower Connecticut River 
include a turbidity time-series extending back approximately two years prior to the event 
at Middle Haddam, CT. The gage is located along the main-stem of the river between 
Pecausett and Chapman Pond and provides the opportunity to assess whether there is a 
detectible increase in suspended sediment concentration (SSC) following the Irene event. 
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Three time intervals were chosen to monitor the Connecticut River’s response during 
periods of elevated discharge: Pre-Irene: 9-8-10 to 8-27-11, Post-Irene: 8-29-11 to 6-13-
12, and Post-Irene: 6-14-12 to 6-13-13. Mean daily discharges below 500 m3/s were 
removed from the plot to eliminate high sample biasing of low discharges and to isolate 
sediment loads associated with higher discharge events. Water samples for converting 
turbidity to SSC are lacking for these periods; however, measurements collected during 
Irene suggest a linear relationship between turbidity and SSC (R2=0.91, n=30). For 
similar mean daily discharges, turbidity increases ~50-100% from measurements 
collected before Irene (Fig. 23). The two post-Irene sampling intervals therefore indicate 
elevated turbidity with discharge when compared to pre-Irene data. 	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CHAPTER 4 
DISCUSSION 
 Monitoring deposition in tidal off-river waterbodies during routine spring floods 
and a high-magnitude, low-frequency event provides insight into the relative role these 
events play in infilling waterbodies. Additionally, this study provides a new empirical 
data set that documents the effects of extreme precipitation on a previously glaciated 
watershed and resultant impacts along lowland floodplains.  
Extreme precipitation from Tropical Storm Irene caused widespread flooding and 
landscape disturbances within the uplands of the Connecticut River watershed. Flooding 
was most severe in small tributaries, such as the Deerfield, where extreme precipitation 
and high antecedent moisture triggered record-breaking flash floods and high sediment 
export to the main channel. Observed landscape disturbances due to: i) vegetation 
removal from hillslopes; ii) the oversteepening of channel banks; iii) the continued 
growth of gullies formed by the event; and iv) amplified channel scour due to confined 
flows by gravel fans and deltas now built out into these tributaries, have together 
provided new access to freshly exposed glacial drift containing readily mobile fine 
grained clastic sediments.   
  Cores collected within two months following Irene revealed between 2-3 cm of 
compositionally distinct sediment was deposited within the study sites. Comparing this to 
1-2.5 cm and 0.5-2.5 cm of sediment deposited from the 2011 and 2013 spring freshets, 
respectively, puts into perspective how little this high magnitude, low frequency flood 
event contributed to long-term waterbody infilling. Average sedimentation rates for these 
waterbodies are 4.1 cm/yr to 2 cm/yr (Woodruff et al., 2013) and at all sites Irene’s 
contribution was equivalent to or less than one year’s average sedimentation (Table 3). 
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Although Hamburg Cove trapped the most sediment during Irene, the deposit was only 
71% of the long-term sedimentation rate of 4.2 cm/yr.  The relative contribution of Irene 
to the annual sedimentation increases up estuary with Irene representing 81% in 
Chapman Pond, 95% in Pecausett Pond and 100% in Keeney Cove where the 2 cm 
deposited by Irene equaled the long-term average sedimentation rate. Considering that 
tropical storm Irene was a 1-in-7 year flood event (in the lower Connecticut River 
watershed) with record-breaking suspended sediment, the low relative contribution is a 
surprising result. Although flooding by Irene was more modest in the lower Connecticut 
watershed, the high discharge temporarily eliminated tides along most of the river’s 
typical tidal reach.  In contrast, flooding associated with annual spring snowmelt typically 
causes more moderate periods of elevated discharge, with tides persisting towards the 
mouth, and in turn enhanced sediment trapping to off-river waterbodies via tidal 
pumping. 
Sedimentation from the 2011 spring freshet, an above average spring flood, shows 
increased sediment trapping closer to estuary’s outlet where tides are greatest.  Although 
sedimentation quantified following the 2013 spring freshet did not follow the same trend 
of increased sedimentation with increased tidal influence, deposition rates nonetheless 
appear to be similar to the more extreme Irene event. The relative sedimentation from 
Irene was the greatest in Keeney Cove. During Irene, the cove trapped 2 cm of sediment 
in its depocenter, which is equivalent to the long-term average. However, 2 cm of 
sediment was also trapped during the 2013 Spring Freshet reinforcing that Irene’s 
contribution to infilling was not extreme (Table 3). Our findings support Woodruff et 
al.’s (2013) hypothesis that despite high magnitude, low frequency events significantly 
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raising the suspended sediment concentrations in the main channel of the Connecticut 
River, these events are not the dominant contributor of sediment to off river waterbodies. 
 We found that despite suspended sediment concentrations being five times greater 
than previously observed in the lower Connecticut River, the degree of sediment 
deposited in off-river waterbodies was not significantly greater than routine spring 
flooding. A possible explanation for this finding is the effect of tides. During spring 
freshet floods, the relatively moderate rise in river stage allows for tides to persist 
through the majority of the event (Fig. 24A). While tides continue to operate, effective 
trapping through the mechanism of tidal asymmetry is possible. Under these conditions, 
sediment is pumped into these waterbodies twice daily during flood tide, followed by 
settling during the subsequent slackwater. However, when tides are lost due to increased 
discharge and a substantial rise in river stage, such as during Irene, the trapping 
efficiency decreases (Fig. 24B). Under these conditions, the off-river waterbodies are 
only inundated once by the initial water level rise associated with the high discharge 
event. This decrease in tidal influence may have contributed to the low sediment 
deposition during Irene relative the amount of suspended sediment transported into 
waterbodies via tidal pumping during more moderate flood events.  
 Although the amount of sediment trapped within the study sites during Irene was 
not anomalously highly, the composition of the sediment was unique. Enrichment in 
elemental potassium (K) and a relative depletion in zircon (Zr) distinguished the Irene 
sediment from the lower K/Zr ratios found in sediment deposited both prior to and 
following Irene. Glacially derived material (tills and lacustrine sediment) contains 
potassium-rich illite, micas, muscovite clays and orthoclase silt grains (Quigley, 1980) 
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whereas zircon is concentrated in highly weathered sediments (Koinig et al., 2003). A 
high K/Zr ratio indicates that freshly exposed glaciogenic material was transported by the 
floodwater.  Powerfully erosive flooding in the steep, upland tributaries scoured the 
veneer of boulder and cobble ‘armor’ lining the riverbed as well as dislodging glacial 
drift along channel banks and within steep river valleys. Following introduction into the 
main channel, these reservoirs of glacial drift were winnowed of their fines (which are 
typically enriched in K, depleted in Zr) and rapidly transported downstream, diluting the 
water column with K-rich fines.  
 Quantifying the extent of deposition for 1 year following tropical storm Irene 
provides insight into the short term fluvial impacts induced by low frequency, high 
magnitude events. Discharge vs. suspended sediment relationships post-Irene show an 
elevation in suspended sediment relative to pre-Irene levels. This behavior is reflected in 
the increased sedimentation rates above long-term rates in all waterbodies, excluding 
Hamburg Cove (Fig. 12). Keeney Cove trapped twice as much sediment (4 cm) in the 
year following Irene when compared to the long-term average. Pecausett Pond and 
Chapman Pond also received an increased amount of sediment, 143% and 129% of the 
year average, respectively. Only Hamburg Cove trapped less sediment than the long-term 
average of 4.2 cm/yr.  
 Sediments from both sampling intervals following Irene exhibit K/Zr values 
elevated above pre-Irene levels. The unique geochemistry of the sediment deposited 
during Irene points to Irene and post-Irene sediment being enriched with glacigenic fines. 
Lingering impacts of upland geomorphic disturbances caused by tropical storm Irene 
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therefore appear to be recorded within sediment deposited in off-river waterbodies closer 
to the river mouth (e.g. Fig. 11).  
 Results suggest that the geochemistry of sediment deposited following Irene is not 
the only way Irene has temporarily altered the river’s behavior. The organic fraction of 
post-Irene organic remains below pre-Irene levels by 42%. This suggests that either the 
watershed system has been starved of organic material following the Irene event or that 
the amount of clastic material being transported downstream and trapped in these off-
river waterbodies remains elevated. Turbidity to discharge relationships previously 
discussed suggest that elevated post-Irene turbidity conditions in the Connecticut River 
have continued to present. This supports the hypothesis that the water column is 
experiencing an excess of clastic material, which is diluting the amount of organic 
material deposited relative to the total mass of accumulation.  Post-Irene turbidity for a 
given discharge is 50-100% above pre-Irene levels (Fig. 23). If the amount of organic 
material capable of being mobilized remains the same from one year to the next, than 
clastic material must account for this 50-100% increase in sediment suspended in the 
water column. In turn, when this water is directed into an off-river waterbody and its 
sediment load is allowed to settle, the relative organic content by mass will be less due to 
the dilution of organic material by excess clastic sediment. Our data therefore supports 
lasting impacts by the Irene event that have resulted in elevated loads of clastic sediments 
that persist to present due to enhanced erosion of glacial drift from upland tributaries 
and/or a new mobile pool of sediment that continues to be redistributed within the river 
system.  
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 These tidal off-river waterbodies have inherited the watershed’s industrial legacy 
and as a result Hg levels within most sites exceed 1000 ppb at depth. Hamburg Cove, the 
most contaminated of the study sites yielded Hg concentrations of 3620 ppb at 2 m below 
the modern cove bottom (Woodruff et al., 2013). The data presented in this study show 
that Tropical Storm Irene served to ‘cap’ more heavily contaminated sediment with a thin 
layer of relatively clean, fine-grained silts and clays. Following Irene, Hg concentrations 
within post-Irene sediments have been steadily rising towards pre-Irene levels, suggesting 
that Hg contaminant source are still actively contributing Hg to the watershed.  
 Results suggest that Irene’s extreme flooding and upland incision into glacial drift 
has provided the river direct access to a new source of fine-grained material. Elevated 
turbidity at Middle Haddam has persisted following Irene until present. This could be an 
indicator that widespread landscape disturbances may still be a continual source of 
suspended sediment or that sediment is moving in and out of ephemeral deposits within 
the main channel and floodplain (Meade, 1982).  However, remobilization of sediment 
trapped within our studied off-river waterbodies appears to be minimal, suggesting that 
trapping at least within these specific floodplain settings is more permanent, and has not 
been a contributor to elevated turbidity observed along the Connecticut River post-Irene. 
Little correlation has been observed between the level of flooding and resultant 
overbank sedimentation along lowland floodplains (Costa, 1974; Gomez et al., 1995; 
Magilligan et al., 1998; Sambrook Smith et al., 2010), in part because the magnitude of 
floodplain deposition often relates less to the overall size of the flood and more to the rate 
at which water rises during the event (Aalto et al., 2003). Although smaller and more 
frequent flood events are largely considered to carry a majority of the total sediment 
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through larger low-lying river systems (Wolman and Miller, 1960), it is shown here that 
extreme flooding within smaller upland reaches can contribute a different type of 
sediment to the main-stem of a river. The level of flooding during Irene was relatively 
moderate within the Lower Connecticut River, while record breaking discharges in 
upland tributaries like the Deerfield were sufficient to mobilize glaciolacustrine and 
lower till deposits. These deposits are normally inaccessible for transport by the tributary, 
which enhanced the supply of fines from these upland landscapes. Once deposited 
downstream along the low-lying floodplain, these sediments appear to provide a distinct 
anomalously fine-grained, inorganic and glacially imprinted deposit marking the upland-
flooding event. Irene’s resulting event deposit and its distinct sedimentary characteristics 
remain preserved within floodplain waterbodies sediments collected nearly two years 
following the event. Resulting deposition from the Irene event thus appears to be 
preserved within floodplain waterbodies, thus highlighting these backwater settings 
potential for deriving long-term sedimentary reconstructions of past flood events. 	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CHAPTER 5 
CONCLUSION 
 Despite tropical storms being the dominant source of extreme precipitation in the 
Northeastern United States, few studies have examined the response of this region’s 
rivers and floodplain environments to these rare events. In this thesis, I first assess the 
relative role of a high-magnitude, low frequency event such as Tropical Storm Irene, and 
low-magnitude, high frequency events (e.g. spring freshet) on infilling off-river 
floodplain waterbodies, and second, determine whether resultant deposition from a rare 
event like Tropical Storm Irene can be delineated within the sedimentary record in these 
settings. 
  Although extreme precipitation from Tropical Storm Irene resulted in upland 
landscape disturbances and mobilization of record breaking suspended sediment loads, 
the amount of sediment trapped by off-river waterbodies along the Lower Connecticut 
River was not significantly greater than the amount of sediment deposited during annual 
spring freshet flooding. These results support Woodruff et al.’s (2013) hypothesis that 
tidal asymmetry appears to drive long-term sedimentation within off-river tidal 
waterbodies. 
 Sediments within the Irene event deposits are compositionally distinct from 
material deposited prior to and following Irene. When compared to underlying material, 
deposition from Irene was consistently finer-grained, and lower in porosity, particulate 
organic content and heavy metal contamination. The elemental signature of Irene 
sedimentation is consistent with enrichment in glacial fines due to the erosion of glacial 
drift from upland tributaries heavily impacted by the event.  
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 Quantification of post-Irene deposition reveals elevated sedimentation rates 
during the study’s nearly two year observational period following Tropical Storm Irene. 
Sediments deposited following Irene continue to exhibit elevated K/Zr ratios, a proxy 
indicative of glacial fine enrichment. Additionally, sediment continues to contain a higher 
fraction of clastic material than previously deposited sediments, providing confirmation 
that increased sedimentation rates following Irene are not a byproduct of increased 
deposit porosity.  
 Lastly, the Irene deposit continues to be visually identifiable within the study’s 
floodplain waterbodies even after nearly two years of burial, with the deposit retaining its 
unique sedimentary characteristics. Resultant deposition from Irene’s extreme 
precipitation therefore remains preserved within floodplain waterbodies and highlights 
the potential for developing long-term flood reconstructions from these unique floodplain 
settings. 
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Table 1. 7Be activity was measured in sediments collected shortly following Tropical 
Storm Irene.  
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Table 2. Inorganic mass, total mass and new deposition for each sampling interval. 
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Table of deposition %s 
Site 
Long-term 
Sedimentation 
Rate (cm/yr) 
2011 Spring Freshet Irene 1 year following Irene 
2013 Spring 
Freshet  
Sediment 
(cm) 
% of 
Annual 
Rate 
Sediment 
(cm) 
% of 
Annual 
Rate 
Sediment 
(cm) 
% of 
Annual 
Rate 
Sediment 
(cm) 
% of 
Annual 
Rate 
KC 2 * * 2 100 4 200 2 100 
PCT 2.1 1.5 71 2 95 3 143 1 48 
CMP 3.1 2.5 81 2.5 81 4 129 1.5 48** 
HMB 4.2 2.5 60 3 71 3.5 83 2.5 60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Long-term sedimentation rates are presented along with the thickness of new 
deposition for each interval and the percentage of annual sedimentation the deposit 
represents.  
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Figure 1. Map of the Northeastern United States showing the primary Atlantic-draining 
rivers including the Susquehanna, Delaware, Hudson and Connecticut Rivers 
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Figure 2. River discharge vs. sediment load for the Connecticut River at Thompsonville, 
CT. Pre-Irene data shown with grey circles while Irene data indicated with triangles. 
Dashed line presents pre-Irene rating curve derived by Patton and Horne (1992).  
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Figure 3. Tidal off-river waterbodies visited in study along with their respective tie-
channel connections to the main-stem of the Connecticut River (dotted lines). A, B, C, 
and D are Pecausett Pond, Keeney Cove, Hamburg Cove, and Chapman Pond, 
respectively.  
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Figure 4. (A) The extent of Glacial Lake Hitchcock in relation to the Connecticut River 
watershed (from Rittenour, 1999). (B) Sediment cored collected from the Connecticut 
River providing an example of the contact   
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Figure 5. Rainfall total in the northeastern United States during August 28-29, 2011 from 
Tropical Storm Irene (grey contours), along with the storm’s track (dotted lines). Off-
river tidal waterbodies examined in this study are bounded by the dotted box (see Fig. 9 
for exact location of sites). White line denotes the watershed of the Deerfield River while 
the star indicates the location of the Thompsonville, CT gage where suspended loads 
were measured during the Irene event.  
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Figure 6. (A) Schematic diagram of stratigraphy underlying the lower Deerfield River. 
Under a veneer of coarse grained alluvium lies a reservoir of glacial drift enriched with 
silts and clays. (B and C) Examples of scour and large-scale landscape disturbance of 
glacial sediments along the valley of the Deerfield River. Photos by Joe Kopera.  
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Figure 7. (A) Map highlighting the Deerfield watershed shown in B. (B) Precipitation 
totals (mm) for Irene from available rain gages in the Deerfield watershed (red circles). 
(C) River discharge during Irene for the Deerfield River (black line) and the Connecticut 
River at Montague (gray line). Stars in B show the location of these two gages.  
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Figure 8. Discharge for the Connecticut River at Thompsonville, CT (black) along with 
turbidity obtained on the river at Middle Haddam, CT (grey). Suspended sediment 
measurements at Middle Haddam support a linear correlation between turbidity and 
suspended sediment concentration. Brackets above time-series indicate the timing of 
spring freshets and flooding from Irene.   
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Figure 9. (A) NASA Landsat satellite image of the Lower Connecticut River with 
sediment plume from Irene discharging into Long Island Sound. Image acquired on Sept. 
2, 2011. Triangles indicate the location for three of the study’s floodplain waterbodies. 
(B) Map of the Lower Connecticut River with the location of each of the study’s four 
floodplain waterbodies (triangles) along with USGS gaging stations (circles). (C-F) 
Bathymetry for each of the four floodplain waterbodies (grey contours) along with core 
locations (circles). 	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Figure 10. Photographs of cores collected from each of the study's four floodplain 
waterbodies shortly following flooding from Irene. Anomalously grey deposits from the 
event are clearly evident within surficial sediments. 	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Figure 11. Sedimentary characteristics from cores collected shortly following Tropical 
Storm Irene. The dashed line indicates the maximum depth of detectible 7Be and the base 
of the Irene event layer. Irene deposits are delineated from underlying sediments by finer 
grain size, enrichment in K, relative depletion in Zr and lower concentration of mercury 
(Hg). Values directly below Hg profiles indicate maximum Hg concentration within 
deeper sediments at core sites measured by Woodruff et al. (2013) and Fallon et al. 
(2013).	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Figure 12: Thickness of sedimentation at each of the study's four core sites for the 2011 
spring freshet (black), Irene (darkest gray), over the year following Irene (medium gray), 
and during the 2013 spring freshet (light grey). Note: The Irene deposit could not be 
identified in the 2013 pre-spring freshet core from CMP. However, little to no deposition 
was identified at the other three field sites during the winter of 2013. Resulting deposition 
from the 2013 spring freshet for CMP is based on the thickness of new sedimentation 
between fall of 2013 and the end of the 2013 spring freshet and assumes minimal 
deposition at the site during the winter of 2013. 	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Figure 13. K/Zr ratios for the 2011 spring freshet (white) and Irene deposits (black) 
compared to measurements obtained from glacial varves shown in Fig. 4B. Sediments 
were not collected from Keeney Cove directly following the 2011 spring freshet; 
however, minimal erosion was observed at all sites during the study. Based on this 
observation we present K/Zr values measured on sediments directly underlying the Irene 
deposit at Keeney Cove assuming that these likely represent sediments deposited during 
the 2011 spring freshet.  
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Figure 14. Depth profiles of percent loss-on-ignition (LOI) for surficial sediments 
collected at Keeney Cove. Dates when cores were collected are indicated above each 
respective LOI profile with the line and horizontal arrow marking the change in depth to 
the base of the Irene layer in respective cores.	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Figure 15. Photograph of cores collected following the 2013 spring freshet. Evidence of a 
preserved gray event layer associated with Irene is indicated with an arrow.  
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Figure 16. LOI depth profiles from Keeney Cove for surficial sediments collected during 
the four sampling days at the site. A drop in LOI associated with the Irene event deposit 
is indicated.  
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Chapman Pond Site 2: Loss on Ignition (%) 
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Figure 17. LOI depth profiles from Chapman Pond for surficial sediments collected 
during the three sampling days at the site. A drop in LOI associated with the Irene event 
deposit is indicated.	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Pecausett Pond Site 1: Loss on Ignition (%) 
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Figure 18. LOI depth profiles from Pecausett Pond for surficial sediments collected 
during the four sampling days at the site. A drop in LOI associated with the Irene event 
deposit is indicated. 
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Figure 19. LOI depth profiles from Hamburg Cove for surficial sediments collected 
during the four sampling days at the site. A drop in LOI associated with the Irene event 
deposit is indicated.  
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Figure 20: Comparison of K/Zr ratios for sediments pre-Irene sediments (black), from 
Irene (darker grey), sediments deposited over the one year following Irene (medium 
grey), and during the 2013 spring freshet (light grey).  
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Figure 21: Comparison of organic content for sediments pre-Irene sediments (black), 
from Irene (darker grey), sediments deposited over the one year following Irene (medium 
grey), and during the 2013 spring freshet (light grey).	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Figure 22. Deposit clastic mass (shaded bars) and deposit total mass (white bars) is 
plotted for each study site.   
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Figure 23. Discharge vs. turbidity is plotted at intervals prior to and following Irene. 
Elevated turbidity in the Lower Connecticut River persists to the present.  
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Figure 24. (A)Water levels at Middle Haddam, CT during the 2011 and 2013 spring 
freshets and (B) during Tropical Storm Irene. Tides persisted at Middle Haddam during 
most of the spring freshet flooding, but were lost during Irene’s peak flooding.  
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Appendix A 
Core Locations 	  
Sites cored prior to the 2011 spring freshet 
Hamburg Cove  
 HMB1 41.374957N, 72.361913W 
 
Sites cored following the 2011 spring freshet 
Pecausett Pond June 30, 2011 
 PCT1 41.568989°N, 72.6171°W 
Chapman Pond June 8, 2011 
 CMP2 41.43929°N, 72.44584°W 
Hamburg Cove May 26, 2011 
 HMB1 41.22497°N, 72.21711°W 
 
Site cored prior to Tropical Storm Irene 
Hamburg Cove August 26, 2011 
 HMB1 41.37509°N, 72.36179°W 
  
Sites cored following Tropical Storm Irene 
Keeney Cove October 23, 2011 
 KC1  41.72601°N, 72.63239°W  
Pecausett Pond  October 1, 2011 
 PCT1   41.56898°N, 72.6171°W  
Chapman Pond   October 11, 2011 
 CMP2  41.43929°N, 72.44584° W   
Hamburg Cove September 24, 2011 
 HMB1 41.37496°N, 72.36191°W     
 
Sites Cored Spring 2012 
Pecausett Pond April 15, 2012 
 PCT1  41.56899°N, 72.61723°W 
Keeney Cove April 7, 2012 
 KC1  41.72600°N, 72.63251°W 
Chapman Pond April 21, 2012 
 CMP2  41.43951°N, 72.44623°W 
Hamburg Cove  April 22, 2012 
 HMB1 41.37479°N, 72.36224°W 
 
Sites Cored Summer 2012 
Chapman Pond  August 22, 2012 
 CMP2  41.43929°N, 72.44587°W 
Hamburg Cove August 23, 2012 
 HMB1 41.37497°N, 72.36192°W 
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Sites Cored Fall 2012  
Keeney Cove   September 29, 2012 
 KC1 41°43'33.67"N  72°37'56.82"W  
Pecausett Pond  October 6, 2012 
 PCT1  41.56898° N, 72.6171°  
Hamburg Cove August 23, 2012 
 HMB1 41°22'29.89"N, 72°21'42.91"W 
 
Sites Cored Spring 2013- Prior to spring freshet 
Hamburg Cove March 31, 2013 
 HMB1 41.37497°N, 72.36198°W 
Chapman Pond March 31, 2013 
 CMP2 41.43924°N, 72.44587°W 
Pecausett Pond March 31, 2013 
 PCT1 41.56904°N, 72.61715°W 
Keeney Cove March 31, 2013 
 KC1 41.72600°N, 72.63238°W 
 
Sites Cored Spring 2013- Post spring freshet 
Hamburg Cove May 10, 2013 
 HMB1 41.37496°N, 72.36189°W 
Chapman Pond May 10, 2013 
 CMP2 41.43924°N, 72.44590°W 
Pecausett Pond May 10, 2013 
 PCT1 41.56900°N, 72.61709°W 
Keeney Cove May 10, 2013 
 KC1 41.72602°N, 72.63242°W 
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94
48
0.
97
24
92
.0
3
22
.4
60
9
8.
47
6
81
.1
5
5.
5
5
6
0.
99
26
75
.0
73
7
29
.5
75
9
74
.0
81
1
28
.5
83
3
45
.4
97
8
10
.7
86
2
8.
28
2.
36
77
1.
18
38
91
.7
2
26
.2
15
6
9.
89
3
80
.4
2
6.
5
6
7
1.
01
66
77
.2
85
30
.7
42
5
76
.2
68
4
29
.7
25
9
46
.5
42
5
11
.2
17
3
8.
43
2.
50
68
1.
25
34
91
.5
7
27
.2
19
1
10
.2
71
80
.1
5
7.
5
7
8
1.
01
41
73
.9
88
2
28
.8
58
2
72
.9
74
1
27
.8
44
1
45
.1
3
10
.5
07
2
8.
59
2.
39
30
1.
19
65
91
.4
1
25
.4
51
1
9.
60
4
80
.6
9
8.
5
8
9
1.
01
78
74
.8
91
5
28
.6
88
1
73
.8
73
7
27
.6
70
3
46
.2
03
4
10
.4
41
6
8.
35
2.
31
08
1.
15
54
91
.6
5
25
.3
59
5
9.
57
0
81
.1
6
C
ha
pm
an
 P
on
d 
2 
4/
21
/1
2
68 
 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
0.
25
0
0.
5
1.
00
81
4.
93
49
2.
12
48
3.
92
68
1.
11
67
2.
81
01
0.
42
14
6.
84
0.
07
64
0.
03
82
93
.1
6
1.
04
03
0.
39
3
86
.7
1
0.
75
0.
5
1
0.
99
87
32
.3
86
3
8.
80
54
31
.3
87
6
7.
80
67
23
.5
80
9
2.
94
59
7.
36
0.
57
43
0.
28
72
92
.6
4
7.
23
24
2.
72
9
88
.6
6
13
5
1.
25
1
1.
5
1.
02
42
39
.2
74
1
12
.4
33
4
38
.2
49
9
11
.4
09
2
26
.8
40
7
4.
30
54
7.
41
0.
84
52
0.
42
26
92
.5
9
10
.5
64
0
3.
98
6
85
.8
9
1.
75
1.
5
2
1.
01
6
26
.2
59
7
9.
52
32
25
.2
43
7
8.
50
72
16
.7
36
5
3.
21
03
7.
40
0.
62
97
0.
31
49
92
.6
0
7.
87
75
2.
97
3
83
.5
8
2.
25
2
2.
5
1.
02
06
30
.1
51
6
10
.8
09
4
29
.1
31
9.
78
88
19
.3
42
2
3.
69
39
7.
37
0.
72
12
0.
36
06
92
.6
3
9.
06
76
3.
42
2
83
.6
4
2.
75
2.
5
3
0.
98
88
23
.6
95
8
9.
20
99
22
.7
07
8.
22
11
14
.4
85
9
3.
10
23
7.
09
0.
58
29
0.
29
14
92
.9
1
7.
63
82
2.
88
2
82
.0
3
3.
25
3
3.
5
1.
00
23
30
.8
10
5
14
.1
11
9
29
.8
08
2
13
.1
09
6
16
.6
98
6
4.
94
70
6.
92
0.
90
74
0.
45
37
93
.0
8
12
.2
02
2
4.
60
5
76
.7
5
12
6
3.
75
3.
5
4
1.
05
85
26
.9
12
2
10
.6
07
2
25
.8
53
7
9.
54
87
16
.3
05
3.
60
33
7.
09
0.
67
73
0.
33
86
92
.9
1
8.
87
14
3.
34
8
81
.5
6
4.
25
4
4.
5
1.
03
1
23
.3
01
2
10
.1
45
6
22
.2
70
2
9.
11
46
13
.1
55
6
3.
43
95
6.
77
0.
61
74
0.
30
87
93
.2
3
8.
49
72
3.
20
7
78
.9
1
4.
75
4.
5
5
1.
01
73
39
.7
18
5
17
.1
19
6
38
.7
01
2
16
.1
02
3
22
.5
98
9
6.
07
63
6.
24
1.
00
46
0.
50
23
93
.7
6
15
.0
97
7
5.
69
7
78
.4
7
5.
5
5
6
1.
07
18
61
.2
31
5
30
.0
15
7
60
.1
59
7
28
.9
43
9
31
.2
15
8
10
.9
22
2
4.
79
1.
38
69
0.
69
35
95
.2
1
27
.5
57
0
10
.3
99
73
.7
8
80
6.
25
6
6.
5
1.
02
35
27
.9
68
5
12
.5
90
2
26
.9
45
11
.5
66
7
15
.3
78
3
4.
36
48
5.
55
0.
64
15
0.
32
08
94
.4
5
10
.9
25
2
4.
12
3
77
.5
8
11
8
6.
75
6.
5
7
0.
96
72
20
.8
20
3
9.
65
88
19
.8
53
1
8.
69
16
11
.1
61
5
3.
27
98
7.
44
0.
64
71
0.
32
35
92
.5
6
8.
04
45
3.
03
6
76
.8
7
7.
25
7
7.
5
1.
02
46
43
.5
49
9
17
.9
87
3
42
.5
25
3
16
.9
62
7
25
.5
62
6
6.
40
10
7.
49
1.
27
03
0.
63
51
92
.5
1
15
.6
92
4
5.
92
2
79
.5
9
7.
75
7.
5
8
0.
97
67
23
.3
20
5
10
.2
10
7
22
.3
43
8
9.
23
4
13
.1
09
8
3.
48
45
7.
24
0.
66
89
0.
33
45
92
.7
6
8.
56
51
3.
23
2
78
.6
1
8.
25
8
8.
5
0.
99
73
45
.1
03
4
19
.5
36
7
44
.1
06
1
18
.5
39
4
25
.5
66
7
6.
99
60
7.
95
1.
47
33
0.
73
66
92
.0
5
17
.0
66
1
6.
44
0
78
.0
8
8.
75
8.
5
9
1.
02
33
27
.3
47
4
12
.4
13
4
26
.3
24
1
11
.3
90
1
14
.9
34
4.
29
82
7.
72
0.
87
92
0.
43
96
92
.2
8
10
.5
10
9
3.
96
6
77
.2
2
9.
25
9
9.
5
1.
00
9
40
.7
52
6
18
.8
17
9
39
.7
43
6
17
.8
08
9
21
.9
34
7
6.
72
03
7.
53
1.
34
19
0.
67
09
92
.4
7
16
.4
67
0
6.
21
4
76
.1
1
9.
75
9.
5
10
0.
98
72
30
.1
16
2
14
.8
91
7
29
.1
29
13
.9
04
5
15
.2
24
5
5.
24
70
6.
65
0.
92
43
0.
46
21
93
.3
5
12
.9
80
2
4.
89
8
73
.9
6
11
6
C
ha
pm
an
 P
on
d 
2 
8/
22
/1
2
69 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
0.
25
0
0.
5
0.
98
84
15
.7
37
7
4.
27
78
14
.7
49
3
3.
28
94
11
.4
59
9
1.
24
13
9.
92
0
0.
32
63
0.
16
32
90
.0
8
2.
96
31
1.
11
8
89
.9
4
0.
75
0.
5
1
1.
00
55
30
.9
05
6
8.
43
02
29
.9
00
1
7.
42
47
22
.4
75
4
2.
80
18
10
.0
36
0.
74
52
0.
37
26
89
.9
6
6.
67
95
2.
52
1
88
.6
0
1.
25
1
1.
5
0.
98
15
26
.5
63
2
8.
31
78
25
.5
81
7
7.
33
63
18
.2
45
4
2.
76
84
8.
72
1
0.
63
98
0.
31
99
91
.2
8
6.
69
65
2.
52
7
86
.5
0
1.
75
1.
5
2
1.
02
27
33
.1
28
11
.3
90
4
32
.1
05
3
10
.3
67
7
21
.7
37
6
3.
91
23
8.
21
9
0.
85
21
0.
42
61
91
.7
8
9.
51
56
3.
59
1
84
.4
0
2.
25
2
2.
5
0.
99
91
31
.0
43
6
11
.4
71
4
30
.0
44
5
10
.4
72
3
19
.5
72
2
3.
95
18
7.
82
3
0.
81
93
0.
40
96
92
.1
8
9.
65
30
3.
64
3
82
.8
5
2.
75
2.
5
3
0.
99
46
30
.8
13
11
.4
31
8
29
.8
18
4
10
.4
37
2
19
.3
81
2
3.
93
86
8.
01
5
0.
83
66
0.
41
83
91
.9
8
9.
60
06
3.
62
3
82
.7
5
3.
25
3
3.
5
0.
99
24
30
.0
67
11
.1
25
29
.0
74
6
10
.1
32
6
18
.9
42
3.
82
36
8.
26
0
0.
83
69
0.
41
85
91
.7
4
9.
29
57
3.
50
8
82
.8
3
3.
75
3.
5
4
0.
99
08
32
.4
55
4
12
.0
21
31
.4
64
6
11
.0
30
2
20
.4
34
4
4.
16
23
8.
16
8
0.
90
09
0.
45
05
91
.8
3
10
.1
29
3
3.
82
2
82
.7
1
4.
25
4
4.
5
0.
99
27
36
.0
78
13
.4
59
8
35
.0
85
3
12
.4
67
1
22
.6
18
2
4.
70
46
7.
95
6
0.
99
18
0.
49
59
92
.0
4
11
.4
75
3
4.
33
0
82
.4
1
4.
75
4.
5
5
1.
00
91
32
.5
04
8
12
.3
77
9
31
.4
95
7
11
.3
68
8
20
.1
26
9
4.
29
01
7.
34
3
0.
83
48
0.
41
74
92
.6
6
10
.5
34
0
3.
97
5
82
.0
9
5.
25
5
5.
5
1.
01
61
32
.1
60
5
12
.2
76
7
31
.1
44
4
11
.2
60
6
19
.8
83
8
4.
24
93
7.
54
5
0.
84
96
0.
42
48
92
.4
6
10
.4
11
0
3.
92
9
82
.0
4
5.
75
5.
5
6
1.
01
13
33
.8
72
2
14
.0
43
4
32
.8
60
9
13
.0
32
1
19
.8
28
8
4.
91
78
6.
99
5
0.
91
16
0.
45
58
93
.0
1
12
.1
20
5
4.
57
4
79
.7
7
6.
25
6
6.
5
0.
99
81
34
.0
63
14
.4
61
5
33
.0
64
9
13
.4
63
4
19
.6
01
5
5.
08
05
7.
21
0
0.
97
08
0.
48
54
92
.7
9
12
.4
92
6
4.
71
4
79
.0
3
6.
75
6.
5
7
1.
00
76
36
.8
47
1
15
.8
95
9
35
.8
39
5
14
.8
88
3
20
.9
51
2
5.
61
82
6.
79
4
1.
01
15
0.
50
57
93
.2
1
13
.8
76
8
5.
23
7
78
.4
9
7.
25
7
7.
5
1.
00
91
30
.5
61
2
13
.5
05
3
29
.5
52
1
12
.4
96
2
17
.0
55
9
4.
71
55
6.
08
4
0.
76
03
0.
38
02
93
.9
2
11
.7
35
9
4.
42
9
78
.0
1
7.
75
7.
5
8
1.
00
82
30
.9
87
13
.3
55
4
29
.9
78
8
12
.3
47
2
17
.6
31
6
4.
65
93
6.
57
5
0.
81
18
0.
40
59
93
.4
3
11
.5
35
4
4.
35
3
78
.7
5
8.
25
8
8.
5
0.
99
54
35
.5
05
7
15
.5
04
4
34
.5
10
3
14
.5
09
20
.0
01
3
5.
47
51
6.
81
5
0.
98
88
0.
49
44
93
.1
9
13
.5
20
2
5.
10
2
78
.1
4
8.
75
8.
5
9
1.
04
5
32
.1
93
8
13
.9
93
5
31
.1
48
8
12
.9
48
5
18
.2
00
3
4.
88
62
6.
85
7
0.
88
79
0.
44
39
93
.1
4
12
.0
60
6
4.
55
1
78
.4
7
9.
25
9
9.
5
1.
00
63
33
.6
93
8
14
.6
72
9
32
.6
87
5
13
.6
66
6
19
.0
20
9
5.
15
72
7.
39
5
1.
01
07
0.
50
54
92
.6
0
12
.6
55
9
4.
77
6
78
.2
7
9.
75
9.
5
10
0.
99
21
34
.1
71
4
15
.0
48
3
33
.1
79
3
14
.0
56
2
19
.1
23
1
5.
30
42
6.
39
3
0.
89
86
0.
44
93
93
.6
1
13
.1
57
6
4.
96
5
77
.9
3
C
ha
pm
an
 P
on
d 
2 
3/
31
/1
3
70 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
!"
#$
0
0.
5
1.
01
97
27
.4
76
9
8.
77
92
26
.4
57
2
7.
75
95
18
.6
97
7
2.
92
81
8.
65
5
0.
67
16
0.
33
58
91
.3
5
7.
08
79
2.
67
5
86
.1
3
14
2
0.
75
0.
5
1
1.
04
79
32
.2
44
10
.7
72
6
31
.1
96
1
9.
72
47
21
.4
71
4
3.
66
97
8.
34
8
0.
81
18
0.
40
59
91
.6
5
8.
91
29
3.
36
3
85
.0
7
15
9
1.
25
1
1.
5
1.
02
29
33
.3
97
12
.2
56
3
32
.3
74
1
11
.2
33
4
21
.1
40
7
4.
23
90
8.
30
5
0.
93
29
0.
46
65
91
.7
0
10
.3
00
5
3.
88
7
82
.9
2
1.
75
1.
5
2
1.
00
91
33
.0
28
1
12
.2
24
5
32
.0
19
11
.2
15
4
20
.8
03
6
4.
23
22
7.
94
8
0.
89
14
0.
44
57
92
.0
5
10
.3
24
0
3.
89
6
82
.7
3
2.
25
2
2.
5
0.
99
86
32
.4
00
9
12
.2
54
4
31
.4
02
3
11
.2
55
8
20
.1
46
5
4.
24
75
7.
83
9
0.
88
23
0.
44
12
92
.1
6
10
.3
73
5
3.
91
5
82
.2
2
2.
75
2.
5
3
0.
98
76
31
.6
26
9
12
.1
44
9
30
.6
39
3
11
.1
57
3
19
.4
82
4.
21
03
7.
61
7
0.
84
99
0.
42
49
92
.3
8
10
.3
07
4
3.
89
0
81
.8
7
3.
25
3
3.
5
1.
01
39
34
.8
54
9
13
.4
64
2
33
.8
41
12
.4
50
3
21
.3
90
7
4.
69
82
7.
63
5
0.
95
06
0.
47
53
92
.3
7
11
.4
99
7
4.
34
0
81
.6
3
3.
75
3.
5
4
1.
01
11
34
.8
7
13
.6
18
3
33
.8
58
9
12
.6
07
2
21
.2
51
7
4.
75
74
7.
55
4
0.
95
23
0.
47
62
92
.4
5
11
.6
54
9
4.
39
8
81
.3
4
4.
25
4
4.
5
1.
01
72
31
.3
66
12
.7
41
9
30
.3
48
8
11
.7
24
7
18
.6
24
1
4.
42
44
7.
53
9
0.
88
39
0.
44
20
92
.4
6
10
.8
40
8
4.
09
1
80
.4
3
4.
75
4.
5
5
1.
00
56
34
.1
30
9
14
.9
71
8
33
.1
25
3
13
.9
66
2
19
.1
59
1
5.
27
03
7.
43
6
1.
03
85
0.
51
93
92
.5
6
12
.9
27
7
4.
87
8
78
.0
2
5.
25
5
5.
5
1.
00
17
36
.8
59
16
.1
98
9
35
.8
57
3
15
.1
97
2
20
.6
60
1
5.
73
48
7.
33
6
1.
11
49
0.
55
74
92
.6
6
14
.0
82
3
5.
31
4
77
.8
7
5.
75
5.
5
6
1.
00
33
37
.3
65
8
17
.8
53
8
36
.3
62
5
16
.8
50
5
19
.5
12
6.
35
87
6.
13
8
1.
03
42
0.
51
71
93
.8
6
15
.8
16
3
5.
96
8
75
.0
5
6.
25
6
6.
5
0.
99
91
31
.5
00
5
15
.3
75
2
30
.5
01
4
14
.3
76
1
16
.1
25
3
5.
42
49
5.
80
3
0.
83
43
0.
41
72
94
.2
0
13
.5
41
8
5.
11
0
74
.4
7
6.
75
6.
5
7
1.
00
01
32
.6
32
7
14
.4
96
6
31
.6
32
6
13
.4
96
5
18
.1
36
1
5.
09
30
6.
86
9
0.
92
70
0.
46
35
93
.1
3
12
.5
69
5
4.
74
3
77
.7
0
7.
25
7
7.
5
0.
99
29
34
.2
25
8
15
.1
38
4
33
.2
32
9
14
.1
45
5
19
.0
87
4
5.
33
79
8.
72
5
1.
23
42
0.
61
71
91
.2
8
12
.9
11
3
4.
87
2
77
.6
7
7.
75
7.
5
8
1.
05
05
35
.2
83
8
15
.3
46
2
34
.2
33
3
14
.2
95
7
19
.9
37
6
5.
39
46
8.
54
3
1.
22
13
0.
61
07
91
.4
6
13
.0
74
4
4.
93
4
78
.2
4
8.
25
8
8.
5
0.
99
84
33
.4
61
14
.0
75
5
32
.4
62
6
13
.0
77
1
19
.3
85
5
4.
93
48
8.
53
8
1.
11
66
0.
55
83
91
.4
6
11
.9
60
5
4.
51
3
79
.2
6
8.
75
8.
5
9
1.
01
63
35
.1
04
5
14
.5
17
7
34
.0
88
2
13
.5
01
4
20
.5
86
8
5.
09
49
8.
92
7
1.
20
53
0.
60
26
91
.0
7
12
.2
96
1
4.
64
0
79
.7
0
9.
25
9
9.
5
1.
01
46
34
.0
15
4
14
.3
31
4
33
.0
00
8
13
.3
16
8
19
.6
84
5.
02
52
9.
12
9
1.
21
57
0.
60
78
90
.8
7
12
.1
01
1
4.
56
6
79
.1
9
9.
75
9.
5
10
1.
02
17
33
.2
95
4
13
.9
24
9
32
.2
73
7
12
.9
03
2
19
.3
70
5
4.
86
91
9.
15
3
1.
18
10
0.
59
05
90
.8
5
11
.7
22
2
4.
42
3
79
.4
4
C
ha
pm
an
 P
on
d 
2 
5/
10
/1
3
71 
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
0.
25
0
0.
5
1.
00
55
34
.6
88
4
9.
41
62
33
.6
82
9
8.
41
07
25
.2
72
2
3.
17
38
6.
21
9
0.
52
3
0.
26
2
93
.7
8
7.
88
8
2.
97
6
88
.6
4
0.
75
0.
5
1
1.
01
83
26
.2
48
6
11
.0
44
9
25
.2
30
3
10
.0
26
6
15
.2
03
7
3.
78
36
3.
87
4
0.
38
8
0.
19
4
96
.1
3
9.
63
8
3.
63
7
79
.8
7
53
1.
25
1
1.
5
0.
98
43
40
.9
71
2
17
.7
83
8
39
.9
86
9
16
.7
99
5
23
.1
87
4
6.
33
94
4.
19
7
0.
70
5
0.
35
3
95
.8
0
16
.0
94
6.
07
3
78
.3
0
1.
75
1.
5
2
1.
00
37
28
.9
41
1
11
.2
62
3
27
.9
37
4
10
.2
58
6
17
.6
78
8
3.
87
12
5.
83
3
0.
59
8
0.
29
9
94
.1
7
9.
66
0
3.
64
5
81
.7
6
75
2.
25
2
2.
5
0.
99
81
27
.6
83
9.
06
86
26
.6
84
9
8.
07
05
18
.6
14
4
3.
04
55
8.
74
2
0.
70
6
0.
35
3
91
.2
6
7.
36
5
2.
77
9
85
.6
0
2.
75
2.
5
3
1.
02
4
31
.6
73
9.
53
33
30
.6
49
8.
50
93
22
.1
39
7
3.
21
11
10
.1
03
0.
86
0
0.
43
0
89
.9
0
7.
65
0
2.
88
7
86
.9
7
3.
25
3
3.
5
1.
01
8
23
.9
56
7.
35
92
22
.9
38
6.
34
12
16
.5
96
8
2.
39
29
10
.1
68
0.
64
5
0.
32
2
89
.8
3
5.
69
6
2.
15
0
87
.0
4
21
7
3.
75
3.
5
4
1.
02
44
31
.7
25
4
9.
67
99
30
.7
01
8.
65
55
22
.0
45
5
3.
26
62
9.
73
2
0.
84
2
0.
42
1
90
.2
7
7.
81
3
2.
94
8
86
.7
4
21
1
4.
25
4
4.
5
1.
00
26
34
.2
24
11
.1
03
2
33
.2
21
4
10
.1
00
6
23
.1
20
8
3.
81
15
9.
53
3
0.
96
3
0.
48
1
90
.4
7
9.
13
8
3.
44
8
85
.4
7
19
8
4.
75
4.
5
5
1.
05
13
30
.5
08
1
10
.1
72
4
29
.4
56
8
9.
12
11
20
.3
35
7
3.
44
19
9.
13
9
0.
83
4
0.
41
7
90
.8
6
8.
28
7
3.
12
7
85
.1
6
20
9
5.
5
5
6
2.
05
56
53
.9
62
4
17
.7
40
7
51
.9
06
8
15
.6
85
1
36
.2
21
7
5.
91
89
12
.3
13
1.
93
1
0.
96
6
87
.6
9
13
.7
54
5.
19
0
85
.4
7
6.
5
6
7
2.
02
37
65
.8
18
7
22
.1
26
4
63
.7
95
20
.1
02
7
43
.6
92
3
7.
58
59
9.
51
9
1.
91
4
0.
95
7
90
.4
8
18
.1
89
6.
86
4
84
.8
2
7.
5
7
8
2.
03
58
61
.2
74
1
22
.1
47
59
.2
38
3
20
.1
11
2
39
.1
27
1
7.
58
91
8.
75
1
1.
76
0
0.
88
0
91
.2
5
18
.3
51
6.
92
5
83
.3
7
8.
5
8
9
2.
03
77
69
.8
89
3
21
.0
13
4
67
.8
51
6
18
.9
75
7
48
.8
75
9
7.
16
06
8.
79
0
1.
66
8
0.
83
4
91
.2
1
17
.3
08
6.
53
1
86
.9
0
9.
5
9
10
1.
01
24
32
.4
01
4
11
.3
26
9
31
.3
89
10
.3
14
5
21
.0
74
5
3.
89
23
9.
12
5
0.
94
1
0.
47
1
90
.8
7
9.
37
3
3.
53
7
84
.0
2
21
1
P
ec
au
se
tt 
P
on
d 
1 
10
/3
/1
1
72 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
0.
25
0
0.
5
1.
03
54
3.
23
5
1.
41
54
2.
19
96
0.
38
1.
81
96
0.
14
34
0
9.
40
0.
03
57
0.
01
79
90
.6
0
0.
34
43
0.
12
99
92
.4
9
0.
75
0.
5
1
1.
02
42
9.
37
69
2.
53
57
8.
35
27
1.
51
15
6.
84
12
0.
57
03
8
9.
36
0.
14
15
0.
07
07
90
.6
4
1.
37
00
0.
51
70
92
.0
9
1.
25
1
1.
5
1.
01
03
17
.8
48
1
5.
29
56
16
.8
37
8
4.
28
53
12
.5
52
5
1.
61
70
9
9.
07
0.
38
86
0.
19
43
90
.9
3
3.
89
67
1.
47
05
88
.2
9
1.
75
1.
5
2
1.
02
21
32
.3
30
3
9.
93
84
31
.3
08
2
8.
91
63
22
.3
91
9
3.
36
46
4
8.
57
0.
76
45
0.
38
23
91
.4
3
8.
15
18
3.
07
61
86
.6
2
2.
25
2
2.
5
1.
00
85
23
.0
60
5
8.
09
27
22
.0
52
7.
08
42
14
.9
67
8
2.
67
32
8
6.
87
0.
48
66
0.
24
33
93
.1
3
6.
59
76
2.
48
97
84
.5
6
2.
75
2.
5
3
1.
04
66
29
.4
61
2
10
.6
72
7
28
.4
14
6
9.
62
61
18
.7
88
5
3.
63
24
9
7.
44
0.
71
66
0.
35
83
92
.5
6
8.
90
95
3.
36
21
83
.4
7
3.
25
3
3.
5
1.
05
89
30
.5
59
5
11
.2
54
8
29
.5
00
6
10
.1
95
9
19
.3
04
7
3.
84
75
1
7.
24
0.
73
82
0.
36
91
92
.7
6
9.
45
77
3.
56
89
83
.0
6
3.
75
3.
5
4
1.
00
78
28
.7
93
4
10
.6
52
2
27
.7
85
6
9.
64
44
18
.1
41
2
3.
63
94
0
6.
55
0.
63
17
0.
31
59
93
.4
5
9.
01
27
3.
40
10
83
.0
0
4.
25
4
4.
5
0.
98
67
27
.6
78
9
10
.2
74
3
26
.6
92
2
9.
28
76
17
.4
04
6
3.
50
47
5
8.
91
0.
82
77
0.
41
39
91
.0
9
8.
45
99
3.
19
24
82
.8
4
4.
75
4.
5
5
1.
07
48
31
.8
11
7
11
.6
46
6
30
.7
36
9
10
.5
71
8
20
.1
65
1
3.
98
93
6
7.
70
0.
81
42
0.
40
71
92
.3
0
9.
75
76
3.
68
21
83
.1
4
5.
5
5
6
1.
03
03
60
.0
23
20
.9
91
3
58
.9
92
7
19
.9
61
39
.0
31
7
7.
53
24
5
8.
81
1.
75
82
0.
87
91
91
.1
9
18
.2
02
8
6.
86
90
83
.4
4
6.
5
6
7
1.
04
3
61
.6
55
2
21
.7
73
4
60
.6
12
2
20
.7
30
4
39
.8
81
8
7.
82
27
9
8.
56
1.
77
47
0.
88
74
91
.4
4
18
.9
55
7
7.
15
31
83
.2
2
7.
5
7
8
1.
02
32
63
.4
09
5
21
.3
66
3
62
.3
86
3
20
.3
43
1
42
.0
43
2
7.
67
66
4
10
.0
9
2.
05
31
1.
02
66
89
.9
1
18
.2
90
0
6.
90
19
84
.1
3
8.
5
8
9
1.
01
02
61
.1
8
22
.0
37
2
60
.1
69
8
21
.0
27
39
.1
42
8
7.
93
47
2
10
.3
8
2.
18
22
1.
09
11
89
.6
2
18
.8
44
8
7.
11
12
82
.6
8
9.
5
9
10
1.
00
84
61
.0
03
3
20
.3
21
5
59
.9
94
9
19
.3
13
1
40
.6
81
8
7.
28
79
6
10
.0
8
1.
94
75
0.
97
37
89
.9
2
17
.3
65
6
6.
55
31
84
.3
9
P
ec
au
se
tt 
P
on
d 
1 
4/
9/
12
73 
 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
0.
25
0
0.
5
0.
99
94
22
.2
63
2
4.
38
74
21
.2
63
8
3.
38
8
17
.8
75
8
1.
27
85
10
.6
5
0.
36
08
0.
18
04
89
.3
5
3.
02
72
1.
14
23
93
.1
1
0.
75
0.
5
1
1.
00
69
30
.8
77
8.
57
71
29
.8
70
1
7.
57
02
22
.2
99
9
2.
85
67
10
.0
2
0.
75
85
0.
37
92
89
.9
8
6.
81
17
2.
57
05
88
.3
2
15
5
1.
25
1
1.
5
0.
99
23
22
.0
97
9
6.
82
39
21
.1
05
6
5.
83
16
15
.2
74
2.
20
06
9.
85
0.
57
42
0.
28
71
90
.1
5
5.
25
74
1.
98
39
87
.0
6
1.
75
1.
5
2
1.
01
41
30
.9
51
5
9.
99
45
29
.9
37
4
8.
98
04
20
.9
57
3.
38
88
9.
41
0.
84
47
0.
42
23
90
.5
9
8.
13
57
3.
07
01
85
.7
2
2.
25
2
2.
5
1.
00
27
28
.9
59
3
10
.0
20
7
27
.9
56
6
9.
01
8
18
.9
38
6
3.
40
30
9.
08
0.
81
84
0.
40
92
90
.9
2
8.
19
96
3.
09
42
84
.3
9
2.
75
2.
5
3
1.
01
6
31
.9
67
5
11
.5
04
1
30
.9
51
5
10
.4
88
1
20
.4
63
4
3.
95
78
8.
96
0.
93
93
0.
46
96
91
.0
4
9.
54
88
3.
60
33
83
.4
0
3.
25
3
3.
5
1.
00
15
32
.5
98
8
12
.7
21
8
31
.5
97
3
11
.7
20
3
19
.8
77
4.
42
28
7.
36
0.
86
26
0.
43
13
92
.6
4
10
.8
57
7
4.
09
73
81
.4
4
11
6
3.
75
3.
5
4
1.
00
2
34
.0
84
6
13
.0
67
33
.0
82
6
12
.0
65
21
.0
17
6
4.
55
28
8.
29
0.
99
98
0.
49
99
91
.7
1
11
.0
65
2
4.
17
56
81
.8
0
4.
25
4
4.
5
1.
00
55
31
.0
48
5
11
.8
33
3
30
.0
43
10
.8
27
8
19
.2
15
2
4.
08
60
9.
00
0.
97
46
0.
48
73
91
.0
0
9.
85
32
3.
71
82
82
.0
4
4.
75
4.
5
5
0.
99
13
33
.2
48
9
12
.8
39
1
32
.2
57
6
11
.8
47
8
20
.4
09
8
4.
47
09
9.
15
1.
08
39
0.
54
20
90
.8
5
10
.7
63
9
4.
06
18
81
.5
9
5.
25
5
5.
5
0.
98
06
28
.1
27
8
11
.6
53
27
.1
47
2
10
.6
72
4
16
.4
74
8
4.
02
73
7.
41
0.
79
05
0.
39
53
92
.5
9
9.
88
19
3.
72
90
79
.9
8
11
3
5.
75
5.
5
6
1.
00
69
27
.4
85
10
.6
32
2
26
.4
78
1
9.
62
53
16
.8
52
8
3.
63
22
9.
45
0.
90
99
0.
45
50
90
.5
5
8.
71
54
3.
28
88
81
.8
2
6.
25
6
6.
5
0.
98
38
26
.4
23
3
9.
99
59
25
.4
39
5
9.
01
21
16
.4
27
4
3.
40
08
9.
20
0.
82
92
0.
41
46
90
.8
0
8.
18
29
3.
08
79
82
.4
3
6.
75
6.
5
7
1.
00
18
31
.2
05
7
12
.5
60
1
30
.2
03
9
11
.5
58
3
18
.6
45
6
4.
36
16
8.
26
0.
95
43
0.
47
71
91
.7
4
10
.6
04
0
4.
00
15
80
.6
3
7.
25
7
7.
5
0.
99
49
36
.9
00
4
15
.0
85
35
.9
05
5
14
.0
90
1
21
.8
15
4
5.
31
70
7.
51
1.
05
83
0.
52
91
92
.4
9
13
.0
31
8
4.
91
77
80
.0
2
7.
75
7.
5
8
1.
00
02
29
.3
38
6
11
.6
94
2
28
.3
38
4
10
.6
94
17
.6
44
4
4.
03
55
8.
71
0.
93
14
0.
46
57
91
.2
9
9.
76
26
3.
68
40
80
.9
6
8.
25
8
8.
5
1.
03
64
32
.4
36
3
13
.0
88
4
31
.3
99
9
12
.0
52
19
.3
47
9
4.
54
79
10
.2
6
1.
23
69
0.
61
85
89
.7
4
10
.8
15
1
4.
08
12
80
.4
6
8.
75
8.
5
9
1.
01
07
30
.4
34
1
11
.4
18
1
29
.4
23
4
10
.4
07
4
19
.0
16
3.
92
73
10
.3
5
1.
07
69
0.
53
84
89
.6
5
9.
33
05
3.
52
10
82
.4
1
9.
25
9
9.
5
1.
00
06
28
.8
68
1
10
.7
30
5
27
.8
67
5
9.
72
99
18
.1
37
6
3.
67
17
10
.8
8
1.
05
90
0.
52
95
89
.1
2
8.
67
09
3.
27
21
82
.6
7
18
9
9.
75
9.
5
10
1.
00
76
33
.3
96
3
12
.0
11
4
32
.3
88
7
11
.0
03
8
21
.3
84
9
4.
15
24
11
.2
7
1.
24
00
0.
62
00
88
.7
3
9.
76
38
3.
68
45
83
.2
4
P
ec
au
se
tt 
P
on
d 
1 
10
/6
/1
2
74 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
!"
#$
0
0.
5
1.
01
96
23
.9
74
7
5.
58
25
22
.9
55
1
4.
56
29
18
.3
92
2
1.
72
2
10
.0
7
0.
45
95
0.
22
97
89
.9
3
4.
10
34
1.
54
8
91
.1
8
0.
75
0.
5
1
0.
96
54
29
.7
08
2
7.
63
22
28
.7
42
8
6.
66
68
22
.0
76
2.
51
6
9.
49
0.
63
24
0.
31
62
90
.5
1
6.
03
44
2.
27
7
89
.4
9
1.
25
1
1.
5
1.
00
3
34
.8
67
4
9.
99
19
33
.8
64
4
8.
98
89
24
.8
75
5
3.
39
2
8.
90
0.
80
01
0.
40
00
91
.1
0
8.
18
88
3.
09
0
87
.7
0
1.
75
1.
5
2
1.
00
11
31
.2
80
8
9.
64
14
30
.2
79
7
8.
64
03
21
.6
39
4
3.
26
0
8.
61
0.
74
38
0.
37
19
91
.3
9
7.
89
65
2.
98
0
86
.5
9
2.
25
2
2.
5
1.
00
66
32
.7
46
2
11
.1
98
2
31
.7
39
6
10
.1
91
6
21
.5
48
3.
84
6
8.
14
0.
82
93
0.
41
47
91
.8
6
9.
36
23
3.
53
3
84
.5
2
2.
75
2.
5
3
1.
04
49
30
.9
37
3
11
.2
17
29
.8
92
4
10
.1
72
1
19
.7
20
3
3.
83
9
7.
85
0.
79
90
0.
39
95
92
.1
5
9.
37
31
3.
53
7
83
.3
6
3.
25
3
3.
5
1.
02
71
32
.9
07
3
12
.1
69
4
31
.8
80
2
11
.1
42
3
20
.7
37
9
4.
20
5
7.
89
0.
87
91
0.
43
96
92
.1
1
10
.2
63
2
3.
87
3
82
.7
8
3.
75
3.
5
4
1.
03
27
33
.2
81
3
12
.4
31
6
32
.2
48
6
11
.3
98
9
20
.8
49
7
4.
30
1
7.
99
0.
91
03
0.
45
52
92
.0
1
10
.4
88
6
3.
95
8
82
.5
3
4.
25
4
4.
5
1.
04
28
29
.7
95
6
11
.8
5
28
.7
52
8
10
.8
07
2
17
.9
45
6
4.
07
8
7.
16
0.
77
40
0.
38
70
92
.8
4
10
.0
33
2
3.
78
6
81
.1
3
4.
75
4.
5
5
1.
01
76
61
.6
74
7
26
.2
71
1
60
.6
57
1
25
.2
53
5
35
.4
03
6
9.
53
0
5.
49
1.
38
77
0.
69
38
94
.5
1
23
.8
65
8
9.
00
6
78
.4
9
5.
25
5
5.
5
1.
02
48
27
.8
62
9
12
.1
46
9
26
.8
38
1
11
.1
22
1
15
.7
16
4.
19
7
5.
67
0.
63
06
0.
31
53
94
.3
3
10
.4
91
5
3.
95
9
78
.6
2
5.
75
5.
5
6
0.
98
93
31
.6
80
9
12
.8
41
7
30
.6
91
6
11
.8
52
4
18
.8
39
2
4.
47
3
6.
24
0.
73
99
0.
36
99
93
.7
6
11
.1
12
5
4.
19
3
80
.5
0
6.
25
6
6.
5
0.
99
37
34
.7
20
9
13
.5
95
33
.7
27
2
12
.6
01
3
21
.1
25
9
4.
75
5
6.
55
0.
82
49
0.
41
24
93
.4
5
11
.7
76
4
4.
44
4
81
.3
1
6.
75
6.
5
7
0.
98
08
32
.1
65
2
12
.1
77
5
31
.1
84
4
11
.1
96
7
19
.9
87
7
4.
22
5
7.
65
0.
85
69
0.
42
84
92
.3
5
10
.3
39
8
3.
90
2
82
.1
9
7.
25
7
7.
5
0.
99
44
30
.8
15
8
11
.3
66
1
29
.8
21
4
10
.3
71
7
19
.4
49
7
3.
91
4
8.
60
0.
89
17
0.
44
58
91
.4
0
9.
48
00
3.
57
7
82
.8
6
7.
75
7.
5
8
0.
99
05
33
.3
82
12
.1
20
1
32
.3
91
5
11
.1
29
6
21
.2
61
9
4.
20
0
9.
02
1.
00
37
0.
50
18
90
.9
8
10
.1
25
9
3.
82
1
83
.1
0
8.
25
8
8.
5
1.
00
74
39
.3
56
2
14
.1
41
3
38
.3
48
8
13
.1
33
9
25
.2
14
9
4.
95
6
8.
40
1.
10
36
0.
55
18
91
.6
0
12
.0
30
3
4.
54
0
83
.2
0
8.
75
8.
5
9
1.
04
43
50
.6
01
8
18
.3
41
8
49
.5
57
5
17
.2
97
5
32
.2
6
6.
52
7
8.
23
1.
42
44
0.
71
22
91
.7
7
15
.8
73
1
5.
99
0
82
.8
0
9.
25
9
9.
5
1.
04
53
34
.6
37
3
12
.1
31
3
33
.5
92
0
11
.0
86
22
.5
06
4.
18
3
9.
04
1.
00
24
0.
50
12
90
.9
6
10
.0
83
6
3.
80
5
83
.9
4
9.
75
9.
5
10
0.
97
54
37
.7
88
2
12
.8
39
2
36
.8
12
8
11
.8
63
8
24
.9
49
4.
47
7
9.
53
1.
13
10
0.
56
55
90
.4
7
10
.7
32
8
4.
05
0
84
.3
9
P
ec
au
se
tt 
P
on
d 
1 
3/
31
/1
3
75 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
!"
#$
0
0.
5
1.
04
69
29
.0
41
9
7.
88
41
27
.9
95
6.
83
72
21
.1
57
8
2.
58
0
10
.0
5
0.
68
70
0.
34
35
89
.9
5
6.
15
02
2.
32
1
88
.8
2
17
7
0.
75
0.
5
1
0.
99
27
.2
14
4
7.
74
18
26
.2
24
4
6.
75
18
19
.4
72
6
2.
54
8
9.
11
0.
61
52
0.
30
76
90
.8
9
6.
13
66
2.
31
6
88
.1
3
18
1
1.
25
1
1.
5
1.
12
51
28
.7
28
8
8.
67
14
27
.6
03
7
7.
54
63
20
.0
57
4
2.
84
8
8.
64
0.
65
18
0.
32
59
91
.3
6
6.
89
45
2.
60
2
87
.2
6
1.
75
1.
5
2
1.
01
53
30
.8
12
1
9.
92
25
29
.7
96
8
8.
90
72
20
.8
89
6
3.
36
1
8.
41
0.
74
92
0.
37
46
91
.5
9
8.
15
80
3.
07
8
85
.8
1
2.
25
2
2.
5
1.
00
19
31
.8
83
2
11
.0
67
3
30
.8
81
3
10
.0
65
4
20
.8
15
9
3.
79
8
8.
24
0.
82
96
0.
41
48
91
.7
6
9.
23
58
3.
48
5
84
.2
2
2.
75
2.
5
3
1.
01
32
33
.1
73
4
12
.1
18
32
.1
60
2
11
.1
04
8
21
.0
55
4
4.
19
0
8.
50
0.
94
43
0.
47
22
91
.5
0
10
.1
60
5
3.
83
4
83
.0
2
3.
25
3
3.
5
1.
00
56
31
.5
42
8
11
.9
91
3
30
.5
37
2
10
.9
85
7
19
.5
51
5
4.
14
6
8.
07
0.
88
64
0.
44
32
91
.9
3
10
.0
99
3
3.
81
1
82
.1
3
3.
75
3.
5
4
1.
02
22
34
.1
35
12
.8
26
3
33
.1
12
8
11
.8
04
1
21
.3
08
7
4.
45
4
8.
37
0.
98
84
0.
49
42
91
.6
3
10
.8
15
7
4.
08
1
82
.3
2
4.
25
4
4.
5
1.
00
6
31
.0
56
9
12
.0
95
3
30
.0
50
9
11
.0
89
3
18
.9
61
6
4.
18
5
8.
88
0.
98
43
0.
49
22
91
.1
2
10
.1
05
0
3.
81
3
81
.5
0
4.
75
4.
5
5
1.
04
23
26
.3
66
6
10
.2
67
5
25
.3
24
3
9.
22
52
16
.0
99
1
3.
48
1
8.
60
0.
79
35
0.
39
67
91
.4
0
8.
43
17
3.
18
2
81
.8
1
5.
25
5
5.
5
1.
00
72
32
.3
66
5
13
.0
64
1
31
.3
59
3
12
.0
56
9
19
.3
02
4
4.
55
0
7.
25
0.
87
39
0.
43
69
92
.7
5
11
.1
83
0
4.
22
0
80
.5
6
5.
75
5.
5
6
1.
02
1
33
.1
61
1
13
.8
60
6
32
.1
40
1
12
.8
39
6
19
.3
00
5
4.
84
5
7.
77
0.
99
79
0.
49
90
92
.2
3
11
.8
41
7
4.
46
9
79
.5
3
6.
25
6
6.
5
1.
00
59
37
.0
98
3
15
.0
08
9
36
.0
92
4
14
.0
03
22
.0
89
4
5.
28
4
8.
22
1.
15
14
0.
57
57
91
.7
8
12
.8
51
6
4.
85
0
80
.2
8
6.
75
6.
5
7
1.
02
52
31
.8
38
3
12
.9
67
9
30
.8
13
1
11
.9
42
7
18
.8
70
4
4.
50
7
8.
60
1.
02
76
0.
51
38
91
.4
0
10
.9
15
1
4.
11
9
80
.2
9
7.
25
7
7.
5
1.
03
03
34
.5
02
7
14
.5
27
5
33
.4
72
4
13
.4
97
2
19
.9
75
2
5.
09
3
7.
31
0.
98
60
0.
49
30
92
.6
9
12
.5
11
2
4.
72
1
79
.3
0
7.
75
7.
5
8
1.
03
26
33
.8
90
3
13
.6
46
4
32
.8
57
7
12
.6
13
8
20
.2
43
9
4.
76
0
8.
45
1.
06
61
0.
53
31
91
.5
5
11
.5
47
7
4.
35
8
80
.5
4
8.
25
8
8.
5
0.
98
11
32
.0
15
12
.0
16
5
31
.0
33
9
11
.0
35
4
19
.9
98
5
4.
16
4
9.
25
1.
02
04
0.
51
02
90
.7
5
10
.0
15
0
3.
77
9
82
.3
4
8.
75
8.
5
9
0.
99
72
31
.3
05
5
11
.7
81
9
30
.3
08
3
10
.7
84
7
19
.5
23
6
4.
07
0
9.
33
1.
00
67
0.
50
33
90
.6
7
9.
77
80
3.
69
0
82
.3
2
9.
25
9
9.
5
0.
98
9
31
.5
21
1
12
.2
17
6
30
.5
32
1
11
.2
28
6
19
.3
03
5
4.
23
7
9.
59
1.
07
69
0.
53
84
90
.4
1
10
.1
51
7
3.
83
1
81
.5
4
9.
75
9.
5
10
1.
03
19
31
.0
75
8
12
.0
67
5
30
.0
43
9
11
.0
35
6
19
.0
08
3
4.
16
4
9.
28
1.
02
46
0.
51
23
90
.7
2
10
.0
11
0
3.
77
8
81
.5
9
P
ec
au
se
tt 
P
on
d 
1 
5/
10
/1
3
76 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
0.
25
0
0.
5
1.
03
44
5.
30
17
1.
72
62
4.
26
73
0.
69
18
3.
57
55
0.
26
11
10
.4
9
0.
07
26
0.
03
63
89
.5
1
0.
61
92
0.
23
4
92
.9
8
0.
75
0.
5
1
1.
01
45
19
.9
34
4
4.
50
56
18
.9
19
9
3.
49
11
15
.4
28
8
1.
31
74
11
.9
6
0.
41
74
0.
20
87
88
.0
4
3.
07
37
1.
16
0
91
.8
5
1.
25
1
1.
5
1.
00
44
22
.6
99
3
5.
47
04
21
.6
94
9
4.
46
60
17
.2
28
9
1.
68
53
10
.4
8
0.
46
79
0.
23
40
89
.5
2
3.
99
81
1.
50
9
90
.8
1
1.
75
1.
5
2
1.
00
42
25
.5
56
8
8.
21
87
24
.5
52
6
7.
21
45
17
.3
38
1
2.
72
25
6.
62
0.
47
76
0.
23
88
93
.3
8
6.
73
69
2.
54
2
86
.1
8
2.
25
2
2.
5
1.
01
51
27
.2
92
4
13
.5
47
6
26
.2
77
3
12
.5
32
5
13
.7
44
8
4.
72
92
3.
33
0.
41
74
0.
20
87
96
.6
7
12
.1
15
1
4.
57
2
74
.2
0
2.
75
2.
5
3
1.
01
48
30
.0
37
5
15
.1
74
9
29
.0
22
7
14
.1
60
1
14
.8
62
6
5.
34
34
3.
57
0.
50
52
0.
25
26
96
.4
3
13
.6
54
9
5.
15
3
73
.3
3
3.
25
3
3.
5
1.
03
17
27
.0
32
4
10
.0
98
2
26
.0
00
7
9.
06
65
16
.9
34
2
3.
42
13
7.
84
0.
71
11
0.
35
56
92
.1
6
8.
35
54
3.
15
3
82
.8
4
3.
75
3.
5
4
1.
00
2
23
.6
46
1
6.
95
64
22
.6
44
1
5.
95
44
16
.6
89
7
2.
24
69
12
.2
3
0.
72
79
0.
36
40
87
.7
8
5.
22
65
1.
97
2
87
.7
2
4.
25
4
4.
5
1.
02
29
24
.7
52
2
7.
06
23
23
.7
29
3
6.
03
94
17
.6
89
9
2.
27
90
12
.6
3
0.
76
29
0.
38
14
87
.3
7
5.
27
65
1.
99
1
88
.1
7
4.
75
4.
5
5
1.
02
57
27
.5
33
9
7.
92
25
26
.5
08
2
6.
89
68
19
.6
11
4
2.
60
26
12
.3
4
0.
85
11
0.
42
56
87
.6
6
6.
04
57
2.
28
1
87
.8
7
5.
5
5
6
1.
00
38
50
.5
00
7
15
.7
83
8
49
.4
96
9
14
.7
80
0
34
.7
16
9
5.
57
74
18
.3
2
2.
70
76
1.
35
38
81
.6
8
12
.0
72
4
4.
55
6
85
.4
5
6.
5
6
7
1.
04
17
49
.5
76
1
16
.7
15
8
48
.5
34
4
15
.6
74
1
32
.8
60
3
5.
91
48
22
.3
2
3.
49
88
1.
74
94
77
.6
8
12
.1
75
3
4.
59
4
83
.8
2
7.
5
7
8
0.
99
32
53
.5
32
4
18
.1
12
5
52
.5
39
2
17
.1
19
3
35
.4
19
9
6.
46
01
20
.7
5
3.
55
14
1.
77
57
79
.2
6
13
.5
67
9
5.
12
0
83
.7
0
8.
5
8
9
1.
02
21
53
.0
73
3
17
.8
08
6
52
.0
51
2
16
.7
86
5
35
.2
64
7
6.
33
45
19
.2
1
3.
22
47
1.
61
23
80
.7
9
13
.5
61
8
5.
11
8
83
.9
7
9.
5
9
10
1.
00
21
59
.2
31
9
20
.6
92
7
58
.2
29
8
19
.6
90
6
38
.5
39
2
7.
43
04
20
.3
9
4.
01
56
2.
00
78
79
.6
1
15
.6
75
0
5.
91
5
82
.9
5
K
ee
ne
y 
C
ov
e 
1 
10
/2
3/
11
77 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
0.
25
0
0.
5
1.
01
53
44
.4
94
5
10
.0
38
6
43
.4
79
2
9.
02
33
34
.4
55
9
3.
40
50
9.
86
0.
88
95
0.
44
48
90
.1
4
8.
13
38
3.
06
9
90
.7
5
0.
25
0
0.
5
1.
02
92
29
.6
86
5
7.
29
33
28
.6
57
3
6.
26
41
22
.3
93
2
2.
36
38
9.
84
0.
61
66
0.
30
83
90
.1
6
5.
64
75
2.
13
1
90
.1
8
0.
75
0.
5
1
1.
01
67
22
.6
59
5
7.
21
69
21
.6
42
8
6.
20
02
15
.4
42
6
2.
33
97
8.
30
0.
51
48
0.
25
74
91
.7
0
5.
68
54
2.
14
5
86
.5
4
1.
25
1
1.
5
1.
02
55
29
.0
23
4
11
.6
78
1
27
.9
97
9
10
.6
52
6
17
.3
45
3
4.
01
98
5.
37
0.
57
22
0.
28
61
94
.6
3
10
.0
80
4
3.
80
4
80
.9
2
1.
75
1.
5
2
1.
01
65
33
.5
89
2
15
.7
10
3
32
.5
72
7
14
.6
93
8
17
.8
78
9
5.
54
48
4.
28
0.
62
83
0.
31
41
95
.7
2
14
.0
65
5
5.
30
8
76
.0
8
2.
25
2
2.
5
1.
02
42
36
.6
99
8
17
.0
07
8
35
.6
75
6
15
.9
83
6
19
.6
92
6.
03
15
5.
03
0.
80
39
0.
40
20
94
.9
7
15
.1
79
7
5.
72
8
76
.2
6
2.
75
2.
5
3
1.
01
79
30
.1
57
5
13
.4
90
1
29
.1
39
6
12
.4
72
2
16
.6
67
4
4.
70
65
4.
05
0.
50
54
0.
25
27
95
.9
5
11
.9
66
8
4.
51
6
77
.7
5
3.
25
3
3.
5
1.
00
39
27
.0
42
7
11
.4
26
7
26
.0
38
8
10
.4
22
8
15
.6
16
3.
93
31
6.
48
0.
67
55
0.
33
78
93
.5
2
9.
74
73
3.
67
8
79
.5
4
3.
75
3.
5
4
0.
99
71
28
.9
17
6
9.
71
83
27
.9
20
5
8.
72
12
19
.1
99
3
3.
29
10
8.
97
0.
78
22
0.
39
11
91
.0
3
7.
93
90
2.
99
6
85
.0
0
4.
25
4
4.
5
1.
01
16
31
.5
41
2
9.
55
45
30
.5
29
6
8.
54
29
21
.9
86
7
3.
22
37
12
.1
5
1.
03
79
0.
51
90
87
.8
5
7.
50
50
2.
83
2
86
.7
7
4.
75
4.
5
5
0.
99
46
29
.0
22
6
8.
58
45
28
.0
28
7.
58
99
20
.4
38
1
2.
86
41
11
.8
3
0.
89
76
0.
44
88
88
.1
7
6.
69
23
2.
52
5
87
.3
0
5.
5
5
6
1.
02
89
60
.7
32
3
17
.1
32
8
59
.7
03
4
16
.1
03
9
43
.5
99
5
6.
07
69
13
.1
1
2.
11
10
1.
05
55
86
.8
9
13
.9
92
9
5.
28
0
87
.3
1
6.
5
6
7
0.
99
12
52
.3
33
4
15
.2
40
2
51
.3
42
2
14
.2
49
37
.0
93
2
5.
37
70
11
.7
9
1.
68
05
0.
84
02
88
.2
1
12
.5
68
5
4.
74
3
86
.9
2
7.
5
7
8
0.
99
89
60
.4
24
6
18
.2
2
59
.4
25
7
17
.2
21
1
42
.2
04
6
6.
49
85
12
.7
5
2.
19
56
1.
09
78
87
.2
5
15
.0
25
5
5.
67
0
86
.1
8
8.
5
8
9
1.
00
62
63
.4
27
3
18
.7
27
8
62
.4
21
1
17
.7
21
6
44
.6
99
5
6.
68
74
11
.7
9
2.
08
88
1.
04
44
88
.2
1
15
.6
32
8
5.
89
9
86
.5
5
9.
5
9
10
0.
99
17
59
.6
71
3
17
.7
31
1
58
.6
79
6
16
.7
39
4
41
.9
40
2
6.
31
68
11
.7
6
1.
96
85
0.
98
42
88
.2
4
14
.7
70
9
5.
57
4
86
.4
8
K
ee
ne
y 
C
ov
e 
1 
4/
7/
12
78 
  
Average Depth (cm)
Sample Start (cm)
Sample End (cm)
Mass of tin (g)
Mass of wet sed + tin (g)
Mass of dry sed + tin (g)
Mass of wet sed (g)
Mass of dry sed (g)
Volume water (cm^3)
Volume sed (cm^3)
Loss On Ignition %
Mass organics (g)
Volume organics (cm^3)
Clastic %
Mass clastic (g)
Volume clastic (cm^3)
Porosity %
Hg (ppb)
!"
#$
0
0.
5
1.
00
42
22
.5
82
4.
97
48
21
.5
77
8
3.
97
06
17
.6
07
2
1.
49
83
10
.9
2
0.
43
34
0.
21
67
89
.0
8
3.
53
72
1.
33
5
91
.9
0
0.
75
0.
5
1
0.
98
51
28
.2
26
8
6.
40
04
27
.2
41
7
5.
41
53
21
.8
26
4
2.
04
35
12
.0
3
0.
65
13
0.
32
56
87
.9
7
4.
76
40
1.
79
8
91
.1
3
14
4
1.
25
1
1.
5
0.
98
77
23
.3
20
6
6.
26
97
22
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